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samSeneblo meqanikis zogierTi amocanis ricxviTi 
amoxsnebi singularul integralur gantolebaTa 
meTodis gamoyenebiT 
 
samSeneblo meqanikis mravali praqtikuli tipis amocanis 
zusti amoxsnis povna miiyvaneba iseTi integralebis daTvlaze, an 
integraluri gantolebebis amoxsnebze, romlebic Zalian 
rTulia, zogierT SemTxvevebSi SeuZlebelic. aseT SemTxvevebSi 
problemis gadasawyvetad aucilebeli xdeba ricxviTi meTodebis 
gamoyeneba. Tavis mxriv, ricxviTi amonaxsnebis algoriTmebis 
damuSaveba da maTi kompiuteruli realizacia garkveul 
sirTuleebTan aris dakavSirebuli da moicavs ramdenime 
mniSvnelovan etaps. pirvel rigSi, ama Tu im amocanis ricxviTi 
amoxsnisaTvis unda damuSavdes Sesabamisi maTematikuri 
algoriTmi. bunebrivia, aseTi algoriTmebis  damuSavebis dros 
gaTvaliswinebuli unda iqnes amosaxsneli amocanis 
Taviseburebani: kerZod, algoriTmi srulad unda aRwerdes 
amocanis bunebas da rac SeiZleba zustad gadmoscemdes mis 
Sinaarss. meore mxriv, algoriTmi unda iyos rac SeiZleba 
maRali sizustis da gamoTvliTi procesebis mimarT mdgradi.  
sadisertacio naSromi exeba swored aseTi problemebis 
Seswavlas samSeneblo meqanikis zogierTi amocanisaTvis. kerZod, 
igi moicavs fuZis da saZirkvlis erToblivi deformaciis 
gansazRvris meTodebs, ZiriTadi variantebis SerCevas da 
kompiuterul realizacias, bzarebis amocanebisaTvis maRali 
rigis sizustis ricxviTi amoxsnis algoriTmebis damuSavebas da 
maT kompiuterul realizacias.  
naSromi pirobiTad SeiZleba or ZiriTad nawilad gavyoT. 
pirvel nawilSi ganxilulia nagebobaTa fuZeebis deformaciaze 
(dajdomaze, romelic Tavis mxriv iwvevs bzarebis warmoSobas), 
ricxviTi amoxsnis Tanamedrove algoriTmebis Seqmna da maTi 
v 
saSualebiT kompiuteruli realizacia, xolo meore nawilSi 
samSeneblo meqanikis praqtikuli tipis amocanebisTvis 
singularul integralur gantolebaTa meTodis gamoyenebiT 
maRali rigis sizustis ricxviTi amoxsnis algoriTmebis ageba 
da maTi kompiuteruli realizacia.  
   nagebobaTa fuZeebis deformaciaze (dajdomaze) 
gaangariSeba samSeneblo   meqanikis    erT-erTi  mTavari 
amocanaa. Cven mier warmodgenil naSromSi moyvanilia fuZeebis 
dajdomis gaangariSebebi sxvadasxva meTodiT. naCvenebia am 
meTodebis dadebiTi da uaryofiTi mxareebi, aseve maTi 
gamoyenebis sferoebi. 
 fuZis dajdoma nagebobebSi, xSirad, iwvevs bzarebis 
warmoqmnas, romelTa Semdgomi gavrceleba iwvevs Senoba-
nagebobebis ngrevas. warmodgenil naSromSi damuSavebulia 
Teoria, romelic saSualebas gvaZlevs davTvaloT Zabvebis 
mniSvnelobebi bzaris boloebis ragind mcire midamoSi, riTac 
saSualeba gveZleva  movaxdinoT Zabvebis iseTi gadanawileba, 
rom Tavidan aviciloT Senobis Semdgomi rRveva. Tu bzaris 
Semdgomi gavrceleba gardauvalia, maSin disertaciaSi 
damuSavebuli TeoriiT SesaZlebelia prognozireba gavukeToT 
bzaris mosalodneli gavrcelebis mimarTulebas.  
gamokvlevebma aCvena, rom singularuli integraluri 
gantolebebiT, sxva cnobili meTodebisagan gansxvavebiT, zustad 
aRiwereba warmoSobili amocanebis rTuli buneba (gansakuTrebiT 
bzarebis amocanebSi). Aamitom, disertaciaSi damuSavebuli aseTi 
gantolebebisaTvis maRali rigis sizustis ricxviTi amoxsnis 
algoriTmebis ageba warmoadgens aqtualur Temas.  
  bzarebis amocanebSi xSirad wiris zusti parametruli 
gantolebiT mocema rTulia (xSirad SeuZlebelic) da cnobilia 
mxolod am wiris grafikuli saxe. aseT SemTxvevebSi, rogorc 
eqsperimentma aCvena, efeqturia singularul integralur 
gantolebaTa meTodi. 
vi 
  aseTi tipis amocanebis  ricxviTi amoxsnebisaTvis, roca 
bzars aqvs nebismieri gluvi an uban-uban gluvi wiris forma, 
agebulia maRali rigis sizustis sqemebi da Seqmnilia Sesabamisi 
kompiuteruli programebi.  
sadoqtoro  naSromis ZiriTadi mecnieruli siaxle 
mdgomareobs SemdegSi: 
1. Seswavlilia fuZis da saZirkvlis erToblivi deformaciebis 
gansazRvris sxvadasxva meTodi; 
2. warmodgenilia fuZis dajdomis gansazRvra Sreobrivi 
(kompiuteruli programuli uzrunvelyofiT) Sejamebis, 
SezRuduli sisqis drekadi fenis, ekvivalenturi Sris da 
mimdevrobiTi miaxloebis meTodiT; 
3. SemTxveviTi Zebnis meTodiT damuSavebulia da Sesabamisi 
kompiuteruli programiT uzrunvelyofilia optimaluri 
parametris moZebnis algoriTmi; 
4. singularuli integraluri gantolebebis gamoyenebiT 
agebulia da  kompiuteruli programiT uzrunvelyofilia 
maRali rigis sizustis ricxviTi amoxsnis algoriTmebi:  
a) samSeneblo meqanikis zogierTi amocanisaTvis; 


















NUMERICAL SOLUTION OF SOME PROBLEMS OF 
STRUCTURAL MECHANICS BY APPLICATION OF SINGULAR 
INTEGRAL EQUATION’S METHOD  
  
The founding of exact solution of number of practical problems of structural 
mechanics is reduced to computation of such integrals, or to solution of integral 
equations that is rather complex and in some cases impossible. In such cases for 
solution of problem is necessary application of numerical methods. In turns, the 
development of algorithms numerical solutions and their computational realization is 
connected with certain complexity and includes several significant stages. Firstly for 
the numerical solution of certain problem would be developed according mathematical 
algorithm. Naturally at development of such algorithm would be provided the solved 
tasks features: in particular. The algorithm fully will describes the problem’s nature 
and explain as exactly as its content. On the other hand would be as possible exact and 
stable regarding to computational process.  
The dissertational work is concerned exactly to study of such problems for some 
tasks of structural mechanics. In particular, it includes definition methods of 
foundations joint deformation, selection of main variants and computational 
realization, development solution algorithms for crack tasks higher order of precision 
and their and computational realization.  
The presented work conditionally would be divided on two basic parts.  In the first 
part is considered on foundations settlement (settling that in turns causes cracks 
initiation), development of numerical solution’s modern methods and due them 
computational realization; in the second part due application of method of singular 
integral equations for practical problems of structural mechanics construction of high 
order precision numerical solutions algorithms and computational realization.  
   Buildings foundation deformation (settling) calculation represents one of basic 
problems of structural mechanics.  In the presented by us work are given foundations 
settling calculations by different methods. Are shown advantages as well as 
disadvantages of these methods and their application fields. 
viii 
 The foundation settlement in building often causes cracks initiation that further 
propagation causes the buildings destruction. In the presented work is developed 
theory that gives the possibility to calculate the stresses values on arbitrary small 
neighborhood of cracks ends that gives the possibility to perform such distribution of 
stresses that gives the possibility to avoid further destruction of building. If the further 
cracks propagation is unavoidable, then building developed in dissertation theory is 
possible to forecast the cracks expected propagation direction.  
As it is shown due investigations by singular integral equations, in comparison 
with other known methods, exactly are described complex nature of arisen problem 
(especially in crack tasks). Thus the developed in dissertation development 
construction of such equations high order precision numerical solution algorithms 
represents the actual theme.  
  In the crack tasks often is difficult to describe the straight lines by exact 
parametric equations (often it is impossible) and is known only graphical shape of this 
straight line. In such cases as it is indicated by experiments, is effective the method of 
singular integral equations. 
  For such type of numerical solutions of task’s, when crack has arbitrary 
smooth or  site-by-site smooth straight line shape, are constructed high order 
precision schemes and are developed according computer programs.  
The scientific novelty of presented dissertational work is presented in following: 
1. Are studied foundations joint deformations definition different methods; 
2. Is presented definition of foundation settlement by layered (provided with 
computer programs) summation, elastic layer with limited thickness,  equivalent 
layer and progressive approximation methods; 
3. By random search method is developed and provided by according computer 
program optimal parameter search algorithm; 
4. By application of singular integral equations is constructed and provided by 
computer program high order precision numerical solution algorithms:  
 a) For some problems of structural mechanics; 






Sesavali .......................................................................................................................................................... 12 
pirveli Tavi 
 
fuZis da saZirkvlis erToblivi deformaciebis gansazRvris 
meTodebi da ZiriTadi variantebis SerCeva. 
$1.1. fuZis dajdomis gansazRvra Sreobrivi Sejamebis, anu  
wrfivad deformirebadi naxevarsivrcis meTodiT ................................................. 33  
 
$1.2. fuZis dajdomis gansazRvra SezRuduli sisqis drekadi  
fenis meTodiT anu xazovan-deformirebadi fenis meTodiT 
(prof. egorovis meTodi) ................................................................................................................ 46 
 
$1.3. fuZis dajdomis gansazRvra gruntis ekvivalenturi Sris 
 meTodiT (prof. n. citoviCis meTodi) .............................................................................. 54 
 
$1.4. fuZis dajdomis gansazRvra mimdevrobiTi miaxloebis  
meTodiT .......................................................................................................................................................... 60 
 
$1.5. Senoba-nagebobebis fuZis deformaciis Sreobrivi Sejamebis 
 meTodis kompiuteruli realizacia da optimaluri 
 parametrebis gansazRvra .............................................................................................................. 66 
 
meore Tavi  
 
bzarebis zogierTi amocanis ricxviTi amoxsna singularuli 
integraluri gantolebebiT 
 
Sesavali .......................................................................................................................................................... 77 
$2.1. dirixles amocanis ricxviTi amoxsna ucnobi gaxsnili  
sasazRvro wiris SemTxvevaSi ..................................................................................................... 78 
 
$2.2. bzarebis zogierTi brtyeli amocanis ricxviTi amoxsna 
maRali rigis sizustiT ................................................................................................................... 89 
 
mesame Tavi  
aerodinamikis amocanebis ricxviTi amoxsnebi 
 
$3.1. amocanis dasma zogadad ....................................................................................................... 99 
 
$3.2. aerodinamikis zogierTi amocanis ricxviTi amoxsna .............................. 103 
 
ZiriTadi Sedegebi da daskvnebi .............................................................................................. 109 
 
literatura................................................................................................................................................. 110 
disertaciaSi gamoyenebuli programebis danarTi ................................................ 113 
x 
cxrilebis nusxa 
cxr.1- fuZe gruntebis Tvisebebi da fenebis sisqeebi ........................................ 35 
cxr.2- α  koeficientebi .................................................................................................................... 38 
cxr.3- fuZis zRvruli deformacia ...................................................................................... 39 
 cxr.4-fenebi .................................................................................................................................................. 40 
cxr.5-gruntis saxeobebi .................................................................................................................. 41 
cxr.6- .................................................................................................................................................................. 44 
cxr.7- koeficienti KC ........................................................................................... 47 
cxr.8- koeficienti Km ........................................................................................... 47 
cxr.9- koeficienti K ............................................................................................. 49 
cxr.10- ................................................................................................................................................................ 51 
cxr.11- Aω -s mniSvnelobani ........................................................................................................... 55 
cxr.12- ................................................................................................................................................................ 57 
cxr.13- ................................................................................................................................................................ 61 
cxr.14- ................................................................................................................................................................ 63 
cxr.15- magaliTis gaangariSebis variantebi. ................................................................ 68 
cxr.16- ................................................................................................................................................................ 87 
cxr17- ................................................................................................................................................................. 87 
cxr.18- ................................................................................................................................................................ 87 
cxr.19- ................................................................................................................................................................ 95 
cxr.20- ............................................................................................................................................................... 96 
cxr.21- ................................................................................................................................................................ 108 
cxr.22- ............................................................................................................................................................... 108 











nax.1-fuZis araTanabari dajdomis gamomwvevi mizezebi .................................... 31 
nax.2- Senobis   aguris   kedlis  deformacia  gayinuli 
gruntis galRobis dros  .............................................................................................. 32 
nax.3-fuZis dajdomis gansazRvra Sreobrivi Sejamebis  
     meTodiT .............................................................................................................................................. 34 
nax.4- fuZis dajdomis gansazRvra SezRuduli 
 sisqis meTodiT ....................................................................................................................... 48   
nax.5- fuZis dajdomis gansazRvra gruntis ekvivalenturi 
     Sris meTodiT ................................................................................................................................ 56 
nax.6- fuZis dajdoma mimdevrobiTi miaxloebis meTodiT ......................................... 61 
nax.7- uban-uban gluvi wiri .......................................................................................................... 84 
nax.8- grafikulad formulirebuli mrudi .................................................................. 85 
nax.9- .................................................................................................................................................................... 88 
nax.10- .................................................................................................................................................................. 88 
nax.11- .................................................................................................................................................................. 89 
nax.12-firfitaze mocemuli ori Tanabari sigrZis bzari ............................... 90 
nax.13-sibrtyis marTobuli bzari ........................................................................................... 91 





 samSeneblo meqanikis mravali praqtikuli tipis amocanis 
zusti amoxsnis povna miiyvaneba iseTi integralebis daTvlaze, an 
integraluri gantolebebis amoxsnebze, romlebic Zalian 
rTulia, zogierT SemTxvevebSi SeuZlebelic. aseT SemTxvevebSi 
problemis gadasawyvetad aucilebeli xdeba ricxviTi meTodebis 
gamoyeneba. Tavis mxriv, ricxviTi amonaxsnebis algoriTmebis 
damuSaveba da maTi kompiuteruli realizacia garkveul 
sirTuleebTan aris dakavSirebuli da moicavs ramdenime 
mniSvnelovan etaps. pirvel rigSi, ama Tu im amocanis ricxviTi 
amoxsnisaTvis unda damuSavdes Sesabamisi maTematikuri 
algoriTmi. bunebrivia, aseTi algoriTmebis  damuSavebis dros 
gaTvaliswinebuli unda iqnes amosaxsneli amocanis 
Taviseburebani: kerZod, algoriTmi srulad unda aRwerdes 
amocanis bunebas da rac SeiZleba zustad gadmoscemdes mis 
Sinaarss. meore mxriv, algoriTmi unda iyos rac SeiZleba 
maRali sizustis da gamoTvliTi procesebis mimarT mdgradi.  
  sadisertacio naSromi exeba swored aseTi problemebis 
Seswavlas samSeneblo meqanikis zogierTi amocanisaTvis. kerZod, 
igi moicavs fuZis da saZirkvlis erToblivi deformaciis 
gansazRvris meTodebs, ZiriTadi variantebis SerCevas da 
kompiuterul realizacias, bzarebis amocanebisaTvis maRali 
rigis sizustis ricxviTi amoxsnis algoriTmebis damuSavebas da 
maT kompiuterul realizacias.  
 naSromi pirobiTad SeiZleba or ZiriTad nawilad gavyoT. 
pirvel nawilSi ganxilulia nagebobaTa fuZeebis deformaciaze 
(dajdomaze, romelic Tavis mxriv iwvevs bzarebis warmoSobas), 
ricxviTi amoxsnis Tanamedrove algoriTmebis Seqmna da maTi 
saSualebiT kompiuteruli realizacia, xolo meore nawilSi 
samSeneblo meqanikis praqtikuli tipis amocanebisTvis 
singularul integralur gantolebaTa meTodis gamoyenebiT 
maRali rigis sizustis ricxviTi amoxsnis algoriTmebis ageba 
da maTi kompiuteruli realizacia.  
 13
  nagebobaTa fuZeebis deformaciaze (dajdomaze) gaangariSeba 
samSeneblo   meqanikis    erT-erTi  mTavari amocanaa. Cven mier 
warmodgenil naSromSi moyvanilia fuZeebis dajdomis 
gaangariSebebi sxvadasxva meTodiT. naCvenebia am meTodebis 
dadebiTi da uaryofiTi mxareebi, aseve maTi gamoyenebis 
sferoebi. 
 fuZis dajdoma nagebobebSi, xSirad, iwvevs bzarebis 
warmoqmnas, romelTa Semdgomi gavrceleba iwvevs Senoba-
nagebobebis ngrevas. warmodgenil naSromSi damuSavebulia 
Teoria, romelic saSualebas gvaZlevs davTvaloT Zabvebis 
mniSvnelobebi bzaris boloebis ragind mcire midamoSi, riTac 
saSualeba gveZleva  movaxdinoT Zabvebis iseTi gadanawileba, 
rom Tavidan aviciloT Senobis Semdgomi rRveva. Tu bzaris 
Semdgomi gavrceleba gardauvalia, maSin disertaciaSi 
damuSavebuli TeoriiT SesaZlebelia prognozireba gavukeToT 
bzaris mosalodneli gavrcelebis mimarTulebas.  
 gamokvlevebma aCvena, rom singularuli integraluri 
gantolebebiT, sxva cnobili meTodebisagan gansxvavebiT, zustad 
aRiwereba warmoSobili amocanebis rTuli buneba (gansakuTrebiT 
bzarebis amocanebSi). Aamitom, disertaciaSi damuSavebuli aseTi 
gantolebebisaTvis maRali rigis sizustis ricxviTi amoxsnis 
algoriTmebis ageba warmoadgens aqtualur Temas. aseTi 
gantolebebisaTvis samarTliani ar aris kantoroviCis zogadi  
miaxloebiTi Teoria [11]. aRniSnuli Teoriis mixedviT Tu gvaqvs 
gantoleba K fϕ = , sadac K  fredgolmis operatoria, f  
cnobili, xolo ϕ  saZebni funqciebia. vTqvaT k  operatorisaTvis 
avageT nK  miaxloebiTi operatori iseTi, rom nK K 0,− →  
n → ∞ , maSin roca K fϕ =  gantolebas aqvs erTaderTi amonaxsni 
ϕ , n n nK fϕ =  miaxloebiT gantolebasac garkveuli 0n -dan 
dawyebuli eqneba erTaderTi amonaxsni nϕ  da n 0,ϕ − ϕ →  
n → ∞ . singularul integralur gantolebebSi ase ar xdeba: 
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vTqvaT  zusti singularuli integraluri gantolebaa S fϕ = , 
xolo aproqsimaciis Sedegad miRebuli miaxloebiTi gantoleba 
iyos  n n nS fϕ = . davuSvaT, rom zust gantolebas aqvs erTaderTi 
amonaxsni da nS S 0,− →  aqedan ar gamomdinareobs, rom 
n 0ϕ − ϕ → ; singularul integralur gantolebebSi, yovel 
gantolebas sWirdeba individualuri Seswavla. amitom aseT 
SemTxvevebSi rTuldeba miaxloebiTi procesebis dafuZneba, amis 
gamo miuxedavad imisa, rom singularul integraluri 
gantolebebi kargad aRweren meqanikis amocanebis rTul bunebas, 
Tavis mxriv, miaxloebiTi procesebis Seswavla bevr 
sirTuleebTan aris dakavSirebuli. 
  warmodgenil naSromSi swored aseTi sirTuleebia 
gadalaxuli.  
  fuZis (saZirkvlis safuZvlis) deformaciaze (dajdomaze) 
angariSi, rodesac igi agebulia arakldovani gruntebisagan, 
warmoadgens erT-erT ZiriTad sakiTxs gruntebis meqanikaSi, 
radgan misi gauTvaliswinebloba iwvevs bzarebis warmoSobas 
konstruqciaSi, rac xSirad nagebobis (Senobis) ngrevis mizezi 
xdeba. zemoaRniSnulidan gamomdinare, deformaciaze angariSi 
aris ZiriTadi yvela Senoba-nagebobebisaTvis. is warmoadgens 
samSeneblo meqanikis erT-erT mTavar amocanas. 
  yvelaze saSiSia araTanabari dajdomebi, romelic 
gamowveulia: 
• fuZeSi gruntis sxvadasxva simkvriviT; 
• roca adgili aqvs Sua Sreebis arsebobas fuZeSi; 
• roca Sreebis sisqe sxvadasxvaa; 
• rodesac datvirTvebi sxvadasxva sididisaa; 
• roca arsebobs mezobeli nagebobebis gavlena da igi    
gaTvaliswinebuli ar aris; 
• rodesac adgili aqvs fuZeSi gayinva-galRobas; 
• da sxva. 
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  fuZis dajdomis mizezi  mravalia. maT Soris mTavaria sami: 
1. saZirkvlis konstruqciis darRveva, romelic SeiZleba 
gamowveuli iyos miwisqveSa wylis aweviT, aseve saZirkvlis 
wyobis araswori SesrulebiT da sxva. MmaTi gamoricxva 
SeiZleba konstruqciis gaangariSebiT. 
2. fuZis mdgradobis darRveviT, rac SeiZleba gamowveuli iyos 
gadaWarbebuli datvirTvebiT (mag: iyo Senoba samsarTuliani, 
danaSenianebiT gaxda 5 sarTuliani) da sxva. misi gamoricxva 
SeiZleba, Tu saZirkvlis zomebi SeirCeva fuZis saangariSo 
winaRobis mixedviT (R). 
3. kumSvadi xasiaTis deformaciis ganviTarebiT. magaliTad: 
pizes koSki italiaSi, romelmac miiRo dajdoma 1,6m, rac 
gamowveulia kumSvadi deformaciiT.  
garda zemoaRniSnuli ZiriTadi mizezebisa, nagebobaTa 
dajdomis mizezi SeiZleba iyos gruntis wylis donis aweva an 
daweva, miwisqveSa karstebi, mewyruli movlenebi, gruntis gayinva-
galRoba da sxva mravali. 
  aqedan gamomdinare, dajdomiT gaangariSebis mizania jdoma 
SeizRudos (moeqces) dasaSvebis farglebSi, pirobiT (normebi):    
uS S≤ , 
sadac S    aris saZirkvlis dajdoma; 
      Su   aris zRvruli dajdoma. 
     zemoT Tqmulidan gamomdinareobs, rom aucilebelia 
saZirkvlis dajdomis angariSi. 
dajdomis gansazRvris meTodebia, fuZis dajdoma: 
 Sreobrivi Sejamebis meTodiT; 
 SezRuduli sisqis drekadi Sris meTodiT; 
 ekvivalenturi Sris meTodiT; 
 mimdevrobiTi miaxloebis meTodiT; 
 saerTo deformaciis meTodi; 
 adgilobrivi deformaciebis meTodiT; 
 da sxva. 
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dajdoma, rogorc vTqviT, SeiZleba gamowveuli iyos 
sxvadasxva mizeziT. am mizezebis Sedegad SeiZleba 
konstruqciaSi  gaCndes bzari. Tu rogor nawildeba Zabva bzaris 
wveros midamoebSi da ra mimarTulebiT SeiZleba is gavrceldes, 
aRwerilia meore TavSi. amitom, Cven didi yuradReba davuTmeT 
samSeneblo meqanikis zogierTi amocanis ricxviTi amoxsnis 
aucileblobas da aqtualobas. dajdomis Sedegad, rodesac 
warmoiSveba bzari fuZe-saZirkvlebSi rTuldeba aseTi amocana, 
imis gamo, rom fuZe-saZirkvlebi Seicavs rkina-betonis masalas, 
romelic anizotropulia, amis gamo bzari xSirad icvlis 
mimarTulebas da mas eqneba uban-uban gluvi wiris forma. aseT 
SemTxvevebSi specialuri aproqsimaciebis gamoyenebaa saWiro. es 
problema disertaciaSi warmatebiT aris daZleuli.  
naSromis ZiriTadi nawili dayofilia sam Tavad. pirvel 
TavSi mocemulia fuZis da saZirkvlis erToblivi deformaciis 
gansazRvris meTodebi, ZiriTadi variantebis SerCeva da 
kompiuteruli realizacia. meore TavSi ganxilulia bzarebis 
amocanebis ricxviTi amoxsnebi singularuli integraluri 
gantolebebis saSualebiT, xolo mesame TavSi ganxilulia 
aerodinamikis amocanebis ricxviTi amoxsnebi singularuli 
integraluri gantolebebis saSualebiT.  
pirveli Tavis $1.1-Si ganxilulia fuZis dajdomis 
gansazRvra Sreobrivi Sejamebis meTodiT. amoxsnilia ori 
magaliTi (3 da 4 fenisaTvis). am meTodiT angariSisaTvis ageben 
zgσ  (gruntis sakuTari wonisagan gamowveuli Zabva) da zpσ  
(damatebiTi vertikaluri Zabva fuZeze) wnevis epiurebs. 
marcxniv, RerZis mimarT, gruntis sakuTari wonisagan  ( )zgσ , 
romelic gadis saZirkvlis simZimis centrSi, gamowveuli wnevis 
epiurebi aigeba formuliT:  
1
n
zg n i id hσ γ γ′= +∑ , 
sadac: 
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γ ′ - saZirkvlis Ziris maRla mdebare gruntis saSualo kuTri 
wona; 
dn - miwis bunebrivi zedapiridan saZirkvlis CaRrmaveba; 
n - gruntis Sreebis ricxvi z siRrmis farglebSi; 
iγ  - saZirkvlis qvemoT mdebare gruntis i-uri Sris kuTri wona; 
ih  - gruntis i-uri Sris sisqe. 
marjvniv, RerZis mimarT z siRrmeze saZirkvlis Ziridan 
damatebiTi (Semamkvrivebeli) wnevis epiura aigeba formuliT: 
 ( )0 zgop p ,= α − σ  
sadac:   
0p   aris   damatebiTi (vertikaluri) wneva fuZeze; 
        p - saSualo wneva saZirkvlis Zirze normatiuli datvirTvisagan.  
 zgoσ  - gruntis sakuTari wonisagan gamowveuli vertikaluri 
Zabva saZirkvlis Zirze; 
α  - Zabvebis gabnevis koeficienti, romelic damokidebulia 
saZirkvlis Ziris formaze, gverdebis  fardobaze ( /l bη = ) 




amis Semdeg  ganisazRvreba fuZis aqtiuri zonis qveda zRvari 
siRrmeze, roca z=H:    
                                                     0,2zp zgσ σ=  
ganisazRvreba fuZis sruli dajdomis sidide: 










= ∑ ,  
sadac:  
0,8 – uganzomilebo koeficienti, romlic damokidebulia 
puasonis koeficientze, anu gruntis ganiv deformaciaze; 
n - Sreebis ricxvi, aqtiuri zonis farglebSi; 
zpiσ  - saSualo damatebiTi wneva, gruntis i-ur SreSi; 
ih  - gruntis i-uri Sris sisqe (0,2-0,4)b; 
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iE  - imave i-uri Sris deformaciis moduli. 
saerTo dajdoma tolia: 
1 2 3 ...S S S S= + + +  
 warmodgenilia am meTodis gamoyenebis sfero, dadebiTi da 
uaryofiTi mxareebi. 
 $1.2-Si ganxilulia fuZis dajdoma SezRuduli sisqis 
drekadi fenis meTodiT. wina paragrafis msgavsad, aRniSnuli 
meTodiT gaangariSebulia ori magaliTi. igi gamoiyeneba iseT 
SemTxvevaSi, rodesac drekadi fuZe SezRudulia kldovani 
gruntebiT. 
 iseT pirobebSi, rodesac saZirkveli mdebareobs 
SezRuduli sisqis erTgvarovan drekad fenaze, romelic 
SezRudulia siRrmeSi kldovani qanebiT (E>100mpa), saZirkvlis 














p  - aris saSualo wneva saZirkvlis Zirze; 
b - saZirkvlis sigane an wriuli saZirkvlis diametri; 
ck - koeficienti, romelic damokidebulia 
2H
b
ζ =   fardobaze; 
mk  - koeficienti, romelic damokidebulia deformaciis 
modulis sidideze; 
n - Sreebis ricxvi aqtiuri zonis farglebSi; 
1−ii kk  da   - koeficientebi, damokidebulia saZirkvlis formaze, 









   naSromSi aRniSnulia am meTodis gamoyenebis  sferoebi. 
Sedegebi Sedarebulia Sreobrivi Sejamebis meTodiT miRebulTan. 
Sedegidan Cans, rom am meTodiT gaangariSebuli saZirkvlis 
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dajdomis sidide ramdenadme metia Sreobrivi Sejamebis meTodiT 
miRebulze da naklebia zRvrul deformaciaze. 
$1.3-Si ganxilulia fuZis dajdomis angariSi gruntis 
ekvivalenturi Sris meTodiT. amoxsnilia ori magaliTi. 
  es meTodi gulisxmobs, rom saZirkveli mdebareobs drekad 
fuZeze, rodesac aqtiuri zonis gavrcelebis siRrme SezRudulia 
ekvivalenturi Sris sisqiT. misi gamoyeneba SeiZleba ZiriTadad 
rogorc erTgvarovan, ise araerTgvarovan fuZeSi.  
  fuZis dajdomis sidide erTgvarovan gruntebSi 
gamoiTvleba prof. n. citoviCis meTodiT, Semdegi formuliT: 
0 0sS h a p= , 
sadac: sh  aris ekvivalenturi Sris sisqe; 
       0a - gruntis fardobiTi kumSvadobis koeficienti; 
       0p  - damatebiTi vertikaluri wneva saZirkvlis Zirze. 
ekvivalenturi Sris sisqe ganisazRvreba formuliT: 
sh H A bω= = , 
sadac A  aris ekvivalenturi Sris koeficienti, romelic 
damokidebulia puasonis koeficientze ν , saZirkvlis Ziris 
formaze da saZirkvlis sixisteze; 
ω  - koeficienti, damokidebulia saZirkvlis formaze da 
saZirkvlis    sixisteze. 
 warmodgenilia am meTodis dadebiTi da uaryofiTi  
mxareebi. misi Sedegi Sedarebulia Sreobrivi Sejamebis meTodiT 
miRebulTan. miRebuli dajdomis sidide (s) axlosaa dajdomis 
sididesTan, romelic gamoTvlilia Sreobrivi Sejamebis 
meTodiT, da aseve mniSvnelovnad naklebia zRvrul dasaSveb 
sidideze. im SemTxvevaSi, rodesac nagebobis fuZe warmodgenili 
iqneba araerTgvarovani gruntebisagan, maSin Sedegi miiReba 
miaxloebiTi. am SemTxvevaSi fardobiTi kumSvadobis koeficienti 
miiReba gasaSualebuli mniSvnelobiT (a0isaS), amitom meTodi 
iqneba miaxloebiTi anu inJinruli. 
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 dajdomis gaangariSebis ekvivalenturi Sris meTodi 
gamoiyeneba gansakuTrebiT maSin, rodesac nagebobis fuZe 
warmodgenili iqneba erTgvarovani gruntebiT. 
 $1.4 warmodgenilia fuZis dajdoma mimdevrobiTi miaxloebis 
meTodiT. es meTodi warmoadgens siaxles gruntebis meqanikaSi. am 
meTodiT amoxsnilia ori magaliTi. 
    dakvirvebebi saZirkvlebis dajdomis mimdinareobaze 
gviCvenebs, rom gavlenis radiusis (gegmaSi) sazRvrebSi, igi 
utoldeba miaxloebiT aqtiuri zonis sisqes, dadgenils fuZeze 
gadacemuli yvela datvirTvis gaTvaliswinebiT. swored es 
migviTiTebs imis aucileblobaze,  rom angariSi SeiZleba 
vawarmooT mimdevrobiTi miaxloebis meTodiT. 
   dasawyisSi vpoulobT aqtiuri zonis sisqes. amisaTvis 
vadidebT siRrmes saZirkvlis Ziridan 20-30%-iT ( 0, 4z = m)  da 
vixilavT gavlenis radiusis da aqtiuri zonis pirvel 
miaxloebas, sadac ganisazRvreba damatebiTi wneva  ( zpσ ) da 
Semowmdeba dajdomis piroba. Tu piroba ar Sesrulda, kidev 
vzrdiT siRrmes 20-30%-iT da vakeTebT gavlenis radiusis da 
aqtiuri zonis meore miaxloebas. saWiro SemTxvevaSi kidev 
gavzrdiT siRrmes da vagrZelebT angariSs manamde, sanam 
miaxloebiT mainc ar miiReba gavlenis radiusis da aqtiuri 
zonis siRrmis toloba. SevniSnavT, rom gavlenis radiusis 
miaxloeba aqtiuri zonis siRrmesTan SeiZleba b sididis 
cvlilebiTac (1b,2b…), an kidev ganvixilavT miaxloebas jer 
pirveli fenis siRrmeze, Semdeg meore fenis siRrmeze da a.S. 
    saZirkvlis dajdomis sididis gansazRvras vakeTebT im 
monacemebis mixedviT, romelic mocemulia wina magaliTSi. 
 bunebrivi da damatebiTi Zabvebi saZirkvlis Zirze tolia: 
zg dσ γ ′= ; 
( )0 zgop p= α − σ . 
 Semdeg yovel miaxloebaze (yoveli fenis Zirze)  
vsazRvravT bunebriv da damatebiT Zabvebs siRrmeSi. Cveulebrivi 
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gruntis SemTxvevaSi vnaxulobT siRrmes, sadac vamowmebT 
pirobas: 
0,2zp zgσ σ=  
miaxloebas vaxdenT jer pirveli fenis siRrmeze, Semdeg meore 
fenis siRrmeze da a.S. 
ganisazRvreba fuZis sruli dajdomis sidide im formuliT, 
romelic gamoyenebulia Sreobrivi Sejamebis meTodSi: 










= ∑   
sadac: 0,8 – uganzomilebo koeficientia; 
n  - Sreebis ricxvi, aqtiuri zonis farglebSi; 
zpiσ  - saSualo damatebiTi wneva, gruntis i-ur SreSi; 
ih  - gruntis i-uri Sris sisqe (0,2-0,4)b; 
iE  - imave i-uri Sris deformaciis moduli. 
am meTodis Sedegebi Sedarebulia Sreobrivi Sejamebis 
meTodiT miRebulTan da igi ramdenadme aRemateba Sreobrivi 
Sejamebis meTodiT miRebul sidides. vTvliT, rom es meTodi, 
iseve rogorc SezRuduli sisqis drekadi fenis meTodi da 
gruntis ekvivalenturi Sris  meTodi, iTvleba miaxloebiT 
(inJinrul) meTodad. naSromSi warmodgenilia am meTodis 
gamoyenebis sferoebi, dadebiTi da uaryofiTi mxareebi. 
 erTi da igive magaliTis safuZvelze Sedarebulia yvela 
zemoT aRniSnuli meTodi. Cven mier miRebuli gaangariSebebiT da 
teqnikur literaturaSi moyvanili Sedegebis Sedarebis mixedviT 
Cans, rom SezRuduli sisqis drekadi Sris meTodiT, 
ekvivalenturi Sris meTodiT da mimdevrobiTi miaxloebiTi 
meTodiT gaangariSebuli saZirkvlis dajdomis sidideebi 
mniSvnelovnad aRemateba Sreobrivi Sejamebis meTodiT miRebuls. 
amitom zemoT moyvanili fuZis deformaciis gasaangariSebeli 
meTodebi SeiZleba miviRoT, rogorc miaxloebiTi meTodebi, anu 
rogorc “inJinruli meTodebi”. gakeTebulia saerTo daskvna. 
iTvleba, rom Sreobrivi Sejamebis meTodi gruntebis meqanikaSi 
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aris ZiriTadi (tradiciuli) meTodi, romelic iTvaliswinebs 
gruntebis saxeobas da maT mdgomareobas, Zabvebis (p) Semcirebas 
fuZis siRrmeSi da gruntebis fenebis deformaciis modulis (E) 
cvlilebas, aseve miwisqveSa wylebis gavlenas.  
Sreobrivi Sejamebis  meTods farTod iyeneben saproeqto 
organizaciebSi. amitom, $1.5-Si warmovadgineT Sreobrivi 
Sejamebis meTodis kompiuteruli realizacia da optimaluri 
parametrebis gansazRvra. am paragrafSi warmodgenilia 
algoriTmi. optimaluri parametri gansazRvrulia SemTxveviTi 
Zebnis meTodiT. programa dawerilia Basic-Si. es programa 
momxmarebels miscems saSualebas sawyisi monacemebis (sigrZe, 
sigane, CaRrmaveba) saSualebiT miiRos fuZis dajdomis 
optimaluri mniSvneloba.  
 aqedan gamomdinare, nagebobaTa fuZeebis dajdomis 
gaangariSebis Sreobrivi Sejamebis meTodi iTvleba ZiriTad 
tradiciul (universalur) meTodad, anu optimalur meTodad da 
mas farTod iyeneben saproeqto organizaciebi. misi upiratesoba 
mdgomareobs imaSi, rom igi iTvaliswinebs ara marto fuZe-
gruntis saxeobis da maTi mdgomareobis cvlilebas, aramed 
Zabvebis cvlilebas fuZis siRrmeSi, aseve deformaciis modulis 
cvlilebas siRrmeSi fenebis mixedviT, aseve miwisqveSa wylis 
gavlenas, amitom misi sizuste metia. 
  fuZis dajdomam SeiZleba gamoiwvios bzarebis warmoqmna 
nagebobebSi, rac Tavis mxriv iwvevs maT ngrevas. naSromSi 
damuSavebulia Teoria, romelic saSualebas gvaZlevs maRali 
rigis sizustiT davTvaloT bzaris boloebis ragind mcire 
midamoSi Zabvebis mniSvnelobebi, es ukanaskneli Tavis mxriv 
saSualebas gvaZlevs movaxdinoT Zabvebis iseTi gadanawileba, 
rom Tavidan aviciloT Senobis Semdgomi rRveva. Tu Zabvebi 
iseTia, rom gardauvalia bzaris Semdgomi gavrceleba, maSin 
Seqmnili algoriTmiT SesaZlebelia prognozireba gaukeToT 
bzaris Semdgomi gavrcelebis mimarTulebas.  
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  aRniSnuli naSromis II TavSi warmodgenilia samSeneblo 
meqanikis metad aqtualuri sakiTxi  bzarebis zogierTi amocanis 
ricxviTi amoxsna singularuli integraluri gantolebebis 
saSualebiT. cnobilia, rom bzarebis amocanebi, roca bzars aqvs 
gluvi an uban-uban gluvi wiris forma miiyvaneba dirixles 
amocanaze. 
 $2.1-Si warmodgenilia dirixles amocanis ricxviTi amoxsna 
ucnobi gaxsnili sasazRvro wiris SemTxvevaSi. veZebT φ  
golomorful funqcias D-s areSi, romelic uwyvetad grZeldeba 
marcxniv da marjvniv mrudis gaswvriv, garda mrudis a da b 
boloebisa, sadac igi akmayofilebs Semdeg pirobas:  





amonaxsns veZebT koSis tipis integralis namdvili nawiliT.  
1 ( )( , ) Re ,    (z D)
L







sadac ( )tϕ  _ saZiebeli namdvili funqcia. ( )tϕ -s moZebnis amocana 
daiyvaneba Semdegi saxis singularul integralur gantolebaze: 
0 0
0
1 ( )Re ( ),    
L







veZebT ( )tϕ  amonaxsns, romelic SemosazRvrulia L mrudis a 
boloze da ar aris SemosazRvruli b boloze.  







radganac Cven ar vicodiT L mrudis gantoleba, gamoviyeneT paket-
programa `Spline toolbars~ da am programis saSualebiT avageT 
mrudi da CavwereT L mrudis gantoleba. amis Semdgom konturi 







amonaxsnis mniSvnelobebi diskretul wertilebSi. Semdeg am 
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mniSvnelobebiT avageT sainterpolacio ( )n tψ  funqcia da 
dirixles amocanis miaxloebiT amonaxsnad miviReT: 
1 ( )( , ) Re ,     (z D)nn
L
t a tU x y dt







konturis rolSi miviReT grafikulad formirebuli mrudi da 
gamovTvaleT dirixles amocanis miaxloebiTi amoxsna konturis 
dayofis sxvadasxva mniSvnelobisaTvis. programa davwereT 
`Mathematica ~-Si. naSromSi moyvanilia Sesabamisi cxrilebi.  
agebuli algoriTmis efeqturoba kargad Cans miRebuli  
cxrilebidan, roca bzars aqvs nebismieri gluvi gaxsnili wiris 
forma, romlis parametruli gantolebac ucnobia. gavakeTeT  
Sefasebebi zust da miaxloebiT amonaxsnebs Soris. Sefasebebi 
miRebulia   H β      musxeliSvilis     normebSi,  rac Tanabar 
Sefasebaze ufro Zlieria.  
 $2.2-Si ganxilulia bzarebis zogierTi brtyeli amocanis 
ricxviTi amoxsna maRali rigis sizustiT. kerZod, ganxilulia 
usasrulo firfita, romelzec mocemulia ori Tanabari sigrZis 
simetriulad ganlagebuli  bzari. masze mocemuli datvirTva 
akmayofilebs simetriis pirobas. 
aseTi amocanebi miiyvaneba Semdegi saxis pirveli gvaris 
singularul integralur gantolebebze. 
0 0
0
1 ( ) 1 ( , ) ( ) ( ),
ab ab
t dt k t t t dt f t





∫ ∫  
sadac 0( )f t  da  0( , )k t t  funqciebi cnobilia, xolo ( )tϕ  saZebni 
funqciaa. 
am amocanaSi zusti gantoleba SevcvaleT miaxloebiTi 
gantolebiT. naCvenebia, rom roca zust gantolebas aqvs 
erTaderTi amonaxsni garkveul daSvebebSi, maSin miaxloebiTsac 
aqvs erTaderTi amonaxsni da miaxloebiTi amonaxsni miiswrafvis 
zustisaken maRali rigis sizustiT. programa davwereT 
`Mathematica~-Si. mocemulia Sesabamisi gamoTvlis cxrilebi. 
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gakeTebulia Sefasebebi. Cven mier miRebuli Sedegebi aumjobesebs 





( ) ( )
max ( ) sup ,











Tanabar Sefasebaze ufro Zlieria.  
   naSromSi damuSavebulia Teoria, romelic saSualebas 
gvaZlevs maRali rigis sizustiT davTvaloT bzaris boloebis 
ragind mcire midamoSi Zabvebis mniSvnelobebi, es ukanaskneli 
Tavis mxriv saSualebas gvaZlevs movaxdinoT Zabvebis iseTi 
gadanawileba, rom Tavidan aviciloT Senobis Semdgomi rRveva. 
Tu Zabvebi iseTia, rom gardauvalia bzaris Semdgomi gavrceleba, 
maSin Seqmnili algoriTmiT SesaZlebelia prognozireba 
gaukeToT bzaris Semdgomi gavrcelebis mimarTulebas.  
rogorc cnobilia Zabvebi gaxsnili wiris SemTxvevaSi 
gamoisaxeba Semdegi funqciebiT: 
l l2 2
2 2 2 2
l l
1 l t p(t)dt 1 q(t)dt R(z) ,




−φ = + + 
− pi −pi − − 
∫ ∫    
l l2 2
2 2 2 2
l l
1 l t p(t)dt 1 q(t)dt R(z) .




−Ω = + − + 
− pi −pi − − 
∫ ∫   
1 1(z )φ  da 1 1(z )Ω  potencialebi, romlebic Seesabameba axal 
koordinatTa sistemaSi (z)φ  da (z)Ω  funqciebs XOY sistemaSi 
ganisazRvreba formulebiT 
1 1 1(z ) ( z l)φ = φ ± ±                   1 1 1(z ) ( z l)Ω = Ω ± ±  
bzaris mcire midamoSi, e.i. 1z l<<  adgili aqvs 1 1(z )φ  da 
1 1(z )Ω  funqciebis Semdeg warmodgenebs 
               1 21 1
1
k ik(z ) 0(I)
2 2z
± ±
−φ = + ,                               
 1 21 1
1
k ik(z ) 0(I)
2 2z
± ±
−Ω = + ,     















l bzaris sigrZea, p(t), q(t) bzaris wiris gaswvriv datvirTvaa, 





uwodeben daZabulobis intensivobis koeficientebs. isini 
ganisazRvreba drekadobis Teoriis amocanebis amoxsnis Zabvis 
funqciebiTa da parametrebiT, romelic axasiaTebs sxeulis 
konfiguraciasa da bzaris formas. 
B  Zabvis intensivobis koeficientebi SegviZlia ganvixiloT 
rogorc parametrebi, romlebic asaxavs sxeulSi bzarebis 
warmoqmnis gamo Zabvebis gadanawilebas. amitom, bzaris wveros 
midamoSi Zabvis ganawileba cnobili iqneba, Tu gansazRvruli 





 intensivobis koeficientebis 
gansazRvras. 
 bzarebis tipis defeqtebis mqone myife sxeulebis zRvrul-
wonasworuli mdgomareobis gamokvlevis dros moiTxoveba 
ganisazRvros gare datvirTvis kritikuli mniSvneloba, romlis 
miRwevis dros bzarebi iwyebs gavrcelebas, e. i. iwyeba sxeulis 
lokaluri an sruli rRveva. am amocanis amoxsnis dros 
principuli momentia zRvruli wonasworobis formulireba. am 
pirobis umartivesi varianti Camoayaliba irvinma. normaluri 
ganviTarebis bzaris SemTxvevaSi mis mier gamoTqmuli iyo 
mtkiceba imis Sesaxeb, rom myife an kvazimyife sxeulebSi bzaris 
gavrceleba iwyeba maSin, roca mocemuli masalisaTvis, mocemul 
pirobebSi Zabvis intensivobis koeficienti bzaris wverosTan 
aRwevs raime mudmiv mniSvnelobas: 
1 1ck k /= pi     
1ck  mudmivi, romelic axasiaTebs masalis rRvevis winaaRmdegobas 
unda ganisazRvros eqsperimentulad.   
 zogad SemTxvevaSi, sxeulis zRvruli wonasworobis 
sakiTxis ganxilvisas, roca lokaluri simetriis piroba ar 
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sruldeba, aucilebelia CamovayaliboT damatebiTi piroba. aseT 
pirobad gamoiyeneba hipoTeza imis Sesaxeb, rom bzaris sawyisi 
mimarTuleba emTxveva sibrtyes, romelSic gamWimavi Zabvis 
mTavari nawili aRwevs maqsimalur mniSvnelobas. am hipoTezis 
safuZvelze bzaris sawyisi gavrcelebis kuTxe gamoiTvleba 







θ =       
zRvruli wonasworobis gantolebas eqneba saxe: 
2 * * 1c
1 2
k





.     
aqedan gamoiTvleba gare datvirTvis kritikuli mniSvneloba, 
romlis drosac iwyeba sxeulis lokaluri rRveva. 
 III TavSi warmodgenilia aerodinamikis amocanebis ricxviTi 
amoxsnebi. 
 $3.1-Si ganixileba frTis stacionaruli da 
arastacionaruli garsSemodenis amocanebi. warmodgenilia 
aerodinamikis amocanis dasma zogadad.  am  amocanebSi sxeulis 
forma da moZraobis kanoni iTvleba cnobilad, roca sxeuli 
drekadia, maSin iTvleba, rom sxeulis deformaciis kanonic 
cnobilia. amasTan, bunebrivia cnobilad iTvleba pirobebi, 
romelSic sxeuls uxdeba moZraoba (gafrena). Cveulebriv, es aris 
usasrulo garemo, romelic SeSfoTebulia mxolod sxeuliT. 
erT-erTi mniSvnelovani sakiTxia sxeulis zedapirze sasazRvro 
pirobebi. aseTia, magaliTad, piroba, romelic gansazRvravs 
sxeulis zedapirze siCqares. 
 $3.2-Si ganxilulia nebismieri formis frTis (sxeulis) 
garsdena, romelic moZraobs idealur arablant arakumSvad 
(mudmivi simkvrivis mqone) garemoSi. nagulisxmevia, rom sxeulis 
forma da moZraobis kanoni cnobilia. garda amisa, cnobilad 
iTvleba pirobebi, romelSic xdeba sxeulis moZraoba (frena). 
sazogadod, es aris SemousazRvravi garemo, romelic 
SeSfoTebulia mxolod sxeuliT, magram SeiZleba ganxiluli 
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iqnes sxeulis moZraobebi SeSfoTebul garemoSi (qaris, dinebis, 
turbolenturobis zemoqmedebebi). rogorc cnobilia, aseTi 




1 ( ) 1 ( , ) ( ) ( ),
ab ab
t dt k t t t dt f t





∫ ∫  
ganvixileT garsdenis cirkulaciuri amocana. wina 
amocanebis msgavsad zusti gantoleba SevcvaleT miaxloebiTi 
gantolebiT. naCvenebia, rom roca zust gantolebas aqvs 
erTaderTi amonaxsni, maSin miaxloebiTsac aqvs erTaderTi 
amonaxsni da miaxloebiTi amonaxsni miiswrafvis zustisaken 
maRali rigis sizustiT. gavakeTeT  Sefasebebi zust da 
miaxloebiT amonaxsnebs Soris. Sefasebebi miRebulia   H β      
musxeliSvilis     normebSi,  rac Tanabar Sefasebaze ufro 
Zlieria.  






fuZis da saZirkvlis erToblivi deformaciebis 





  fuZis (saZirkvlis safuZvlis) angariSi deformaciaze 
(dajdomaze), rodesac igi agebulia arakldovani gruntebisagan, 
warmoadgens erT-erT ZiriTad sakiTxs gruntebis meqanikaSi, 
radgan misi gauTvaliswinebloba iwvevs bzarebis warmoSobas 
konstruqciaSi, rac xSirad nagebobis (Senobis) ngrevis mizezi 
xdeba.  
  gamomdinare zemoaRniSnulidan, angariSi deformaciaze aris 
ZiriTadi yvela Senoba-nagebobebisaTvis. radgan grunti Sedgeba 
myari nawilakebisagan da forebisagan (wyali an haeri), misi 
deformacia damokidebulia Semadgenel nawilebze. am SemTxvevaSi 
arCeven ori saxis deformacias: drekadi deformacia, roca ar 
icvleba gruntis struqtura da datvirTvis moxsnis Semdeg 
ubrundeba sawyis mdgomareobas da narCeni deformacia, rodesac 
Semkvrivebisas gruntis struqtura icvleba e.i. datvirTvis 
moxsnis Semdeg grunti sawyis mdgomareobas ver ubrundeba. 
 gruntis deformacia SeiZleba agreTve iyos Tanabari da 
araTanabari. Tanabaria, rodesac fuZis deformacia nagebobis 
yovel wertilSi erTnairia da konstruqciaSi damatebiTi Zabvebi 
ar warmoiSveba da araTanabari, rodesac fuZis yovel wertilSi 
deformacia aris gansxvavebuli. e.i. gruntis struqtura 




 amgvarad, fuZis dajdomis procesi gamowveulia gruntis 
Semkvrivebaze da misi forebidan wylis gamodevnaze. aseT 
SemTxvevebSi dajdoma mimdinareobs swrafad qviSovan gruntebSi, 
xolo dajdomis mimdinareoba nelia Tixovan gruntebSi. 
dajdomas ewodeba sruli an stabiluri dajdoma. roca 
filtraciis koeficienti didia, xolo dajdoma mimdinareobs 
nela Tixovan gruntebSi, romelTa filtraciis koeficienti 












































nax. 2.  Senobis aguris kedlis deformacia gayinuli 
gruntis galRobis dros.    
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$1.1. fuZis dajdomis gansazRvra Sreobrivi Sejamebis,  
anu wrfivad deformirebadi naxevarsivrcis meTodiT. 
  
  rogorc  nax. 1-dan Cans, Zabva gruntSi gare 
datvirTvebisagan ganibneva fuZis sazRvrebSi da siRrmeze, misi 
intensivobis TandaTanobiTi SemcirebiT. Zabvis aseTi 
TandaTanobiTi Semcireba fuZis siRrmeze saSualebas gvaZlevs 
misi sizrqe davyoT calkeul Sreebad da yvela maTganSi 
ganisazRvros Zabva. swored aseTi dayofaa miRebuli Sreobrivi 
Sejamebis meTodSi. Aam SemTxvevaSi uSveben, rom saZirkveli 
mdebareobs drekad naxevarsivrceze da misi aqtiuri zonis sisqe 
SezRuduli ar aris kldovani gruntebiT, an iseTi gruntebiT, 
romelTa deformaciis moduli E>100mpa (100000kpa). ixileT nax.3. 
am meTodis dros sawyisSi sazRvraven bunebriv wnevebs ( 0zgσ ) 
da damatebiT wnevebs saZirkvlis Zirze ( 0p ). aqtiuri zonis 
sisqis monaxvisaTvis sazRvraven  zgσ  da zpσ  sxvadasxva 
siRrmeze. α -s mniSvnelobebs iReben cxrili 2-dan da Sedegebi 
SeaqvT cxril 4-Si. samSeneblo normebis mixedviT miiReba  
aqtiuri zonis sisqe (kumSvadi sisqe) siRrmeze (H), sadac Zabva 
( zpσ ) ar aRemateba bunebrivi Zabvis 20%-s, e.i.  





















































magaliTi 1.1.1. saWiroa ganisazRvros saZirkvlis dajdomis 
sidide, roca fuZe Sedgeba Semdegi fenebisagan: 
pirveli fena – wvrili qviSa, rodesac 1 3,1h = m, 1 16γ = kn/m3 da 
1 18E = mpa; sadac 1h - I Sris sisqe, 1γ -kuTri wona, 1E -deformaciis 
modulia. 
meore fena- Tixnari, rodesac 2h 2,4= m, 2 10,3γ = kn/m3 da 2E 16= mpa 
(wylis hidrostatikuri wnevis gaTvaliswinebiT). 
mesame fena _ Tixa 3 2,0h = m, 3 16γ = kn/m3 da 3 17E = mpa; 
(hidrostatikuri wnevis gaTvaliswinebis gareSe). 
    saZirkvlis zomebia: sigane b=2m da sigrZe 2,8l = m, saZirkvlis 
CaRrmaveba udris d=1,5m. 
fuZe gruntebis Tvisebebi da fenebis sisqeebi: 












gruntis kuTri wona 
iγ , kn/m3 
I qviSa 3.1 18 
wylis hidrostatikuri 
 wnevis gareSe,  
II,1 16γ = kn/m3 
II Tixnari 2.4 16 
wylis hidrosatatikuri 
wnevis gaTvaliswinebiT 
sb,2 10,3γ =  
III Tixa 2.0 17 
wylis hidrostatikuri 
 wnevis gareSe, III,3 18γ =  
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   Sreobrivi Sejamebis meTodiT gaangariSebis teqnika Semdegia: 
1. gruntis sisqe saZirkvlis qvemoT daaxloebiT (4-5)b sisqiT 
daiyofa (0,2-0,4)b sisqiT elementalur Sreebad:  
        m4,022,02,0 =⋅== bhi                   (1.1.1) 
   sadac b - saZirkvlis siganea. 
2. marcxniv, RerZis mimarT, gruntis sakuTari wonisagan  ( )zgσ , 
romelic gadis saZirkvlis simZimis centrSi, gamowveuli 
wnevis epiurebi aigeba formuliT:  
       
1
n
zg n i id hσ γ γ′= +∑         (1.1.2) 
sadac: 
γ ′ - saZirkvlis Ziris maRla mdebare gruntis kuTri wona; 
dn - miwis zedapiridan saZirkvlis CaRrmaveba; 
n - gruntis Sreebis ricxvi z-is farglebSi; 
iγ - saZirkvlis qvemoT gruntis i-uri Sris wona; 
ih  - gruntis i-uri Sris sisqe. 
......   ...   ...   ...   ...   ...   ...   ...   ...   ...   ...   























   3.  marjvniv, RerZis mimarT z siRrmeze saZirkvlis Ziridan 
damatebiTi (Semamkvrivebeli) wnevis epiura aigeba formuliT: 
( )0 zgop p ,= α − σ         (1.1.3) 
sadac  0p   aris   damatebiTi (vertikaluri) wneva fuZeze. 
p saSualo wneva saZirkvlis Zirze normatiuli datvirTvisagan 









zgoσ  - gruntis sakuTari wonisagan gamowveuli Zabva 
saZirkvlis Zirze. 
 0 16 1,5 24zgo dσ γ ′= = ⋅ = kpa. 
α  - Zabvebis gabnevis koeficientia, romelic damokidebulia 




ξ = : 
( )zpo 1,000 290 24 266σ = − = kpa  
( )zp1 0,972 290 24 259σ = − = kpa  
( )zp2 0,848 290 24 226σ = − = kpa  
( )zp3 0.682 290 24 181σ = − = kpa  
...  ...  ...  ...  ...  ...  ...  
e.i. saZirkvlis Zirze bunebrivi da damatebiTi wnevebi iqneba: 
kpa245,116 =⋅=′= dzgo γσ  
( ) ( )0 1,000 290 24 266zgop pα σ= − = − = kpa 
4. gamomdinare (1.1.4) pirobidan ganisazRvreba fuZis aqtiuri 
zonis qveda zRvari siRrmeze, roca z=H:    
                                                     0,2zp zgσ σ=     (1.1.4) 
8,271372,02,028 =⋅=≤ zgσkpa kpa 
5. ganisazRvreba fuZis sruli dajdomis sidide: 










= ∑ ,      (1.1.5) 
sadac: 0,8 – uganzomilebo koeficientia, romlic damokidebulia 
puasonis koeficientze, anu gruntis ganiv deformaciaze; 
n - Sreebis ricxvi, aqtiuri zonis farglebSi; 
zpiσ  - saSualo damatebiTi wneva, gruntis i-ur SreSi; 
 ih  - gruntis i-uri Sris sisqe (0,2-0,4)b; 
iE  - imave i-uri Sris deformaciis moduli. 
 
 38
 α  koeficientebi 
 





koeficienti α  




























































































































































 calkeuli fenebis mixedviT dajdomebi tolia: 
1
0,8 0,8 266 142226 0,015
18000 2 2
S ⋅  = + + =  
m 
                              2
0,8 0,8 266 3986 56 0,0085
16000 2 2
S ⋅  = + + + =  
m 
                              3
0,8 0,8 39 28 0,0012
17000 2
S ⋅ + = =  
m 
saerTo dajdoma tolia: 
2,4smm ==++=++= 024,00012,00085,0015,0321 SSSS  
6. dajdomis sidide Semowmdeba pirobiT: 
                                         uSS ≤     (1.1.6) 
sadac: S -saZirkvlis dajdomis sidide, sm; 
       uS -zRvruli dajdomis sidide, sm (aiReba normebidan) 
smsm 84,2 =<= uSS  
 
 
fuZis zRvruli deformacia 
 
                                                       cxrili  3 
nageboba saSualo Su, sm 










  e.i. piroba dakmayofilebulia. 














































1 0,0015S =  
 



































2 0,0085S =  
 





























magaliTi 1.1.2. saWiroa ganisazRvros saZirkvlis dajdomis 
sidide, roca b=2m da sigrZe 3.2a = m.  saZirkvlis CaRrmaveba 
bunebrivi zedapiridan  d=1,6m (nax.2). fuZis farTobi 
2 3.2 6.4A = × = m2, datvirTva 2072N = kn. fuZe Sedgeba Semdegi 
fenebisagan: 
pirveli fena - Tixa, romlis  1 15 γ = kn/m3, fenis sisqe h1=1,6m da 
E1=15mpa; 
meore fena - qviSnari, romlis 2 14 γ = kn/m3, fenis sisqe h2=1,2m da 
E2=17mpa;  
mesame fena - Tixnari, romlis 3 16 γ = kn/m3, fenis sisqe h3=2,0m da 
E3=16mpa;  
meoTxe fena – wvrili qviSa, romlis 4 15 γ = kn/m3, fenis sisqe 
h4=2,4m da E4=18mpa. miwisqveSa wylis siRrmea h=4,4m miwis 
zedapiridan (cxr. 5). 
    sawyisSi moinaxeba 0zσ  da 0p : 





p p σ= − = − =
×
kpa. 
gaangariSebis teqnika daiyvaneba Semdegze: 
1) fuZes yofen elementarul Sreebad: 
0,2 0,2 2 0,4ih b= = ⋅ = m 
2) marcxniv, RerZis mimarT, romelic gadis saZirkvlis simZimis 
centrSi, angariSoben gruntis sakuTari wonisagan gamowveul 
vertikalur Zabvas:  
1
n
zg n i id hσ γ γ′= +∑  
0 15 1,6 24zg dσ γ ′= = × = kpa; 
1 1 1 24 15 0,4 30zg d hσ γ γ′= + = + ⋅ = kpa; 
2 30 15 0,4 36zgσ = + ⋅ = kpa; 
3 36 15 0,4 42zgσ = + ⋅ = kpa; 
...  ...   ...   ...   ... 
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3) RerZis marjvniv, gare datvirTvebisagan gamowveul damatebiT 
Zabvebs, romelic gadis saZirkvlis simZimis centrSi, 
angariSoben formuliT: 
( ),zp zgopσ α σ= −     roca 3, 2 1,62abη = = =  da bz2=ξ  
Z=0,                      ( )1,000 324 24 300zpoσ = − = kpa 
Z1=0,4m  ( )1 0,974 324 24 292zpσ = − = kpa 
Z2=0,8m  ( )2 0,857 324 24 257zpσ = − = kpa 
Z3=1,2m  ( )3 0,700 324 24 210zpσ = − = kpa 
Z4=1,6m  ( )4 0,555 324 24 167zpσ = − = kpa 
...  ...   ...   ...   ...  ...  ...   ...   ...   ... 
4) ganisazRvreba kumSvadi zonis qveda zRvari: 
        0,2zp zgσ σ= , 
                                   18 17zpσ = kpa≈0,2 0,2 89 17,8zgσ = ⋅ = kpa, 
e.i. piroba dakmayofilebulia. 
yvela miRebuli monacemebi Seitaneba me-6 cxrilSi.  





η = = = . 
cxrili 6-is Tanaxmad, kumSvadi zonis qveda zRvari 
mdebareobs siRrmeze 7, 2z′ = m, sadac, 
17zpσ = kpa≈0,2 0,2 89 17,8zgσ = ⋅ = kpa. 










= ∑  
Tixis fenisaTvis: 
1
0,8 0,4 300 167292 257 210 0,021
15000 2 2




0,8 0,4 167 85132 105 0,007
17000 2 2





0,8 0,4 85 3569 57 48 41 0,005
16000 2 2
S ⋅  = + + + + + =  
m=0,5sm; 
wvrili qviSis fenisaTvis: 
4
0,8 0,4 35 1731 28 24 21 18 0,003
18000 2 2
S ⋅  = + + + + + + =  
m=0,3sm. 
sruli dajdoma udris: 
1 2 3 4 2,1 0,7 0,5 0,3 3,6S S S S S= + + + = + + + = sm. 
6) dajdomis sidide Semowmdeba pirobiT: 
uS S≤  
8uS = sm  (cxr. 3) 
3,6S = sm< 8uS = sm, 
e. i. dajdomis piroba kmayofildeba. 







































































































































 maSasadame, Sreobrivi Sejamebis meTodiT meRebuli 
dajdomis sidide mniSvnelovnad naklebia samSeneblo normebiT 
da wesebiT dadgenil zRvrul dasaSveb deformaciaze.  
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aRniSnuli meTodis gamoyenebis sferoa is, rom: 
1. Sreobrivi Sejamebis meTodi rekomendebulia CHuП 2.02.01-is 
mixedviT saZirkvlis dajdomis gaangariSebisaTvis samrewvelo da 
samoqalaqo SenobaTa nagebobebisaTvis, rodesac misi sigane 
naklebia 10m-ze, aseve rodesac aqtiuri zonis sisqeSi 
gamoricxulia iseTi gruntebi, romlis deformaciis moduli 
E>100mpa. 
2. rodesac gruntis gverdiTi gaganiereba SeuZlebelia; 
3. rodesac gvaqvs susti gruntebi da maTi fizikuri mdgomareoba 
sxvadasxvaa (ci, iϕ , Ei); 
4. rodesac aqtiuri zonis sisqe gamodis sakmaod didia; 
5. gansakuTrebiT, rodesac gvaqvs maRlivi Senobebi (30 sarTuli 
da meti). am SemTxvevaSi zrdian saZirkvlis CaRrmavebas, riTac 
aRweven bunebrivi wnevis gadidebas ( hγ ) da mis miaxloebas 
saSualo wnevasTan (p). amiT aRweven dajdomis Semcirebas. Tu 
dγ mniSvneloba gautoldeba saSualo wnevas (p), maSin dajdoma 
gamoiricxeba;  
6. es meTodi iZleva fuZe-gruntis TvalnaTliv daTvalierebis da 
muSaobis Sefasebis SesaZleblobas;  
7. grunti fuZeSi ganixileba, rogorc xazovan-deformadi sxeuli; 
8. dajdoma warmoebs mxolod damatebiTi vertikaluri wneviT 
( zpσ ). 
 
  aRniSnuli meTodis dadebiTi mxarea is, rom: 
1. iTvaliswinebs wnevis (p) Semcirebas gruntis siRrmeze; 
2. iTvaliswinebs deformaciis modulis cvlilebas siRrmeze; 
3. iTvaliswinebs miwisqveSa wylis gavlenas; 
4. deformaciis ganawileba xdeba mxolod aqtiuri zonis 
siRrmeSi; 
5. Zabva ganisazRvreba mxolod saZirkvlis Ziris centris qveS; 
6. 0,8β = - uganzomilebo koeficientia. 
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 aRniSnuli meTodis uaryofiTi mxarea: 
1. dajdomis sidide zogjer 1,2-1.5-jer aRemateba mis faqtobriv 
mniSvnelobas. Ees migvaniSnebs imaze, rom gruntis saangariSo 
maxasiaTeblebi , ,c Eϕ  unda ganisazRvros bunebriv (savele) 
pirobebSi da ara laboratoriul pirobebSi. es 
dakavSirebulia did RirebulebasTan; 
2. jdoma ganpirobebulia mxolod vertikaluri ZabviT ( zpσ ), 
xolo yσ  da xσ  Zabvebi mxedvelobaSi ar miiReba; 
3. samSeneblo normebisa da wesebis Tanaxmad fuZis dajdoma 
ganisazRvreba mxolod erTRerZa kumSvaze, rodesac xσ  da yσ  
gavlena gruntis kumSvaze gamoricxulia. es ar aris swori da 
kvleva am mimarTulebiT unda gagrZeldes. 
  miuxedavad amisa,  es meTodi iTvleba ZiriTad meTodad, 
radgan igi iZleva gruntebis TvalnaTliv daTvalierebis da 
muSaobis Sefasebis SesaZleblobas. igi iTvaliswinebs siRrmeze 
p-s Semcirebas, E-s cvlilebas, miwisqveSa wylebis gavlenas da 
gruntis fenebis sxvadasxvaobas. 
 
$1.2. fuZis dajdomis gansazRvra SezRuduli 
sisqis drekadi Sris meTodiT anu xazovan-
deformirebadi fenis meTodiT 
(prof. egorovis meTodi) 
 
 iseT pirobebSi, rodesac saZirkveli mdebareobs 
SezRuduli sisqis erTgvarovan drekad fenaze, romelic 
SezRudulia siRrmeSi kldovani qanebiT (E>100mpa), saZirkvlis 











= ∑ ,   
sadac: 
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p - aris saSualo wneva saZirkvlis Zirze; 
b - saZirkvlis sigane an wriuli saZirkvlis diametri; 
cK - koeficienti, romelic damokidebulia 
2H
b
ζ =   fardobaze; 
mK  - koeficienti, romelic damokidebulia deformaciis 
modulis sidideze (E); 
n - Sreebis ricxvi aqtiuri zonis farglebSi; 
1−ii kk  da   - koeficientebi, damokidebulia saZirkvlis formaze, 
saZirkvlis gverdebis fardobaze /l bη =   da fardobiT siRrmeze, 





=ξ   da  11 2 ii zbξ
−
−
=  . 
iE  - gruntis i-uri Sris deformaciis moduli; 
 z -  manZili saZirkvlis Ziridan gansaxilveli Sris zedapiramde. 
koeficienti KC 
                                                      cxrili 7 
Sris fardobiTi sisqe  
2H
b
ξ ′ =  koeficienti KC 
5,00 ≤′< ξ  
15,0 ≤′< ξ  
21 ≤′< ξ  
32 ≤′< ξ  








       koeficienti Km        cxrili 8 
 deformaciis modulis 































































































































































magaliTi 1.2.1. ganisazRvros saZirkvlis dajdomis sidide wina 
magaliTis mixedviT siRrmiT 3 3 2 6b = ⋅ = m. aqtiuri zonis sisqe 
(simZlavre) gamoiangariSeba nax.3-dan im fenis zedapiramde, 
romlisTvisac mpa100≥E . Cvens SemTxvevaSi drekadi Sris sisqe 
udris H=1,6+2,4+2=6m. 
gaangariSebis teqnika Semdegia: 
ck =? cxrilidan [3, dam.2, cxr.2], roca 




ξ ⋅′ = = =   1,0;ck =  
?
m
k =  cxrilidan [3, dam.2, cxr.3], roca E>10mpa(100) da b<10m, 1,0
m
k =  





   pirveli fenisaTvis, roca 11




ξ ⋅= = =  da 1 0,394k =  da 
1
-1 2






ξ − ⋅= = = = ;  
meore fenisaTvis, roca 22




ξ ⋅= = =  da 2 0,708k =  da 
2-1 0,394;ξ =  
  Pmesame fenisaTvis, roca  
3
3




ξ ⋅= = =  da 3 0,814k =   da 3-2 0,708;ξ =   
magaliTis mixedviT damatebiTi wneva udris: 
kpa2660 =p  











= =∑  
266 2 1 0,394 0 0,708 0,394 0,814 0,708
1 18000 16000 17000
⋅ ⋅ − − − 
= + + =  
0,026m=2,6sm. 
dajdomis sidide, romelic miiReba mocemuli meTodiT ramdenadme 
metia wina meTodiT gaangariSebulze. 
magaliTi 1.2.2. ganisazRvros saZirkvlis dajdomis sidide, roca 
b=2m    da a=3,2m. saZirkvlis CaRrmaveba bunebrivi zedapiridan 
d=1,6m.  
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fuZis farTobi Seadgens 2 3,2A = × m=6,4m2. wneva saZirkvlis Zirze 
p=324kpa. fuZe Sedgeba Semdegi fenebisagan:  
pirveli fena-Tixa, romlis  1 15 γ = kn/m3, fenis sisqe h1=1,6m da 
E1=15mpa; 
meore fena-qviSnari, romlis 2 14 γ = kn/m3, fenis sisqe h2=1,2m da 
E2=17mpa;  
mesame fena- Tixnari, romlis 3 16 γ = kn/m3, fenis sisqe h3=2,0m da 
E3=16mpa;  
meoTxe fena – wvrili qviSa, romlis 4 15 γ = kn/m3, fenis sisqe h4=2,4m 
da E4=18mpa. miwisqveSa wylis siRrmea h=4,4m miwis zedapiridan. 
wneva saZirkvlis zedapirze udris 324kpa. Mmonacemebi mocemulia  
cxr.10-Si. 
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gaangariSebis Tanamimdevroba aseTia: 
1. moinaxeba aqtiuri zonis (kumSvadi zonis) sisqe anu xazovan-
deformadi Sris sisqe. Cvens mier miRebuli magaliTis 
SemTxvevaSi SezRuduli sisqis erTgvarovani Sre mdebareobs 
kldovan fenaze, romlis E>500. es fena H=1,6+2,0+2,4=7,2m (ix. 
cxr. 10) siRrmeze mdebareobs.  
2. moinaxeba ck =?, romelic aiReba cxr.7-dan. jer moinaxeba 
fenis fardobiTi sisqe: 




ξ ⋅′ = = = , radgan 
7,2 5ξ ′ = > (cxr.7), amitom kc=1,0. 
3.  km koeficienti  cxr. 8-dan Mmoinaxeba. amisaTvis moinaxeba 
fuZe-gruntis saSualo deformaciis moduli:  
1 2 3 4 15 17 16 18 16,5
4 4
E E E EE + + + + + += = = mpa; 
radgan 16,5E = mpa>10mpa da b=2<10m, amitom  km=1.0. 
4. cxr.9-dan moinaxeba ik  da 1ik −  koeficientebi: 
 Ppirveli fenisaTvis, roca 11












k += =  da 1 1 0.k − =  
 meore fenisaTvis, roca 22









η maSin  2
0,592 0,618 0,605
2
k += =  da 2 1 0,396.k − =  
 mesame fenisaTvis, roca 33









η maSin  3
0,759 0,919 0,839
2
k += =  da 3 2 0,396.k − = P 
meoTxe fenisaTvis, roca 44









η maSin  4
0,852 0,935 0,894
2
k += =  da 4 1 0,839.k − =  
 53
5) saZirkvlis sruli dajdoma ganisazRvreba  formuliT: 
0,396 0 0,605 0,396
324 2 1 15000 17000







− − + +
  
 
rac 0,9 sm-iT metia, vidre Sreobrivi Sejamebis meTodiT 
miRebulze da naklebia zRvrul deformaciaze. 
  
Ggamoyenebis sfero:  
1. rodesac fuZis gavrcelebis siRrme SezRudulia kldovani 
gruntebiT (an E>500); 
     2. rodesac aproeqteben samoqalaqo da samrewvelo 
nagebobebis saZirkvlebs, rodesac saZirkvlis zomebi 10m-s ar 
aRemateba.O 
dadebiTi mxareebi: 
1. misi gamoyeneba SeiZleba samrewvelo da samoqalaqo 
SenobebSi, roca saZirkvlis sigane 10m-s ar aRemateba; 
2. misi gamoyeneba SeiZleba satransporto nagebobebis 
saZirkvlebSic, rodesac b>10m [13].  
3. am meTodiT ar xdeba fuZis dayofa elementarul Sreebad; 
4. ar saWiroebs bunebrivi da damatebiTi wnevebis epiurebis 
agebas, ris gamoc gamoTvlebis moculobis didi nawili 
mcirdeba; 
 
      uaryofiTi mxare:  
1. ar iTvaliswinebs p - s cvlilebas siRrmeze;  
2. ar iTvaliswinebs miwisqveSa wylis gavlenas; 
3. grunti warmodgenilia rogorc xazovan-deformadi sxeuli, 
rac mxolod daSvebas warmoadgens; 
4. ar iTvaliswinebs damatebiT Zabvebis TandaTanobiT 
Semcirebas fuZis siRrmeSi, rac metad mniSvnelovania 
angariSis sizustis TvalsazrisiT; 
0,045m=4,5sm, 
 54
5. ar gamoiyeneba sust gruntebSi da roca aqtiuri zonis 
siRrme gamodis didi. 
daskvna: zemoaRniSnulidan gamomdinare, es meTodi aris 
miaxloebiTi meTodi, anu inJinruli meTodi. 
 
 
$1.3. fuZis dajdomis gansazRvra gruntis 
ekvivalenturi Sris meTodiT  
(prof. n. citoviCis meTodi) 
 
     es meTodi gulisxmobs, rom saZirkveli mdebareobs 
drekad fuZeze, rodesac aqtiuri zonis gavrcelebis siRrme 
SezRudulia ekvivalenturi Sris sisqiT. misi gamoyeneba 
SeiZleba ZiriTadad rogorc erTgvarovan, ise araerTgvarovan 
fuZeSi. 
    fuZis dajdomis sidide erTgvarovan gruntebSi 
gamoiTvleba prof. n. citoviCis meTodiT, Semdegi formuliT: 
0 0sS h a p= , 
sadac: sh  - aris ekvivalenturi Sris sisqe; 




      0p  - damatebiTi vertikaluri wneva saZirkvlis Zirze. 
ekvivalenturi Sris sisqe ganisazRvreba formuliT: 
sh H A bω= = , 
sadac A  - ekvivalenturi Sris koeficienti, romelic 
damokidebulia  puasonis koeficientze ν , saZirkvlis 
Ziris formaze da saZirkvlis sixisteze; 
ω  - koeficienti, damokidebuli saZirkvlis formaze da 




Aω -s mniSvnelobani 





qviSebi Tixnarebi Tixebi 
myari Tixa qviSnari 


























Tu fuZe araerTgvarovania da Sedgeba sxvadasxva fenebisagan, 
masSi dajdomis sidide ganisazRvreba formuliT:  
00 pahS s saS= , 
sadac 
saS0a  - aris gruntebis fardobiTi kumSvadobis 
koeficientis saSualo mniSvneloba, kpa; 












qviSa β =0,74 
Tixnari β =0,57 
Tixa β =0,40 














































Tu fuZe araerTgvarovania, maSin mxedvelobaSi unda miviRoT 
























                                              cxrili 12 











magaliTi 1.3.1. saWiroa ganisazRvros saZirkvlis dajdomis 
sidide zemoT ganxiluli magaliTis mixedviT, roca b=2m da 
l =2,8m, misi CaRrmaveba d=1,5m. datvirTva saZirkvlis 
zedapiris sibrtyeSi 1624kn. fuZe-gruntebi miRebulia pirvel 
magaliTSi (nax.7). miviRoT erTgvarovani grunti-Tixnari. 
 
angariSi mimdinareobs Semdegi TanmimdevrobiT: 























 da  ν
 maSin cxr.11-idan 1,32Aω =  
ekvivalenturi Sris sisqe 1,32 2 2,7sh A bω= = ⋅ = m   









4. sazRvraven saZirkvlis dajdomis sidides: 
sm.9,22660036,07,200 =⋅⋅== pahS s  
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gaangariSeba gviCvenebs, rom ekvivalenturi SriT miRebuli 
Sedegi mniSvnelovnad aRemateba Sreobrivi Sejamebis meTodiT 
miRebulze. araerTgvarovani fuZis SemTxvevaSi sxvaoba kidev 
ufro metia, amitom mas ar vixilavT.  
magaliTi 1.3.2. saWiroa ganisazRvros saZirkvlis dajdomis 
sidide, roca b=2,0m da a=3,2m, rodesac fuZe warmoadgens 
erTgvarovans – magaliTad Tixas. saSualo Zabvis sidide 
saZirkvlis Zirze p=324kpa da deformaciis moduli E1=15mpa 
(cxr.10), xolo gverdiTi gaganierebis koeficienti a0=0,45. 
angariSi mimdinareobs Semdegi TanmimdevrobiT: 
1. sazRvraven bunebriv wnevas da damatebiT wnevas saZirkvlis 
Zirze: 
0 16 1,6 24zg dσ γ ′= = ⋅ = kpa; 
0 0 324 24 300zgp p σ= − = − = kpa. 
2. sazRvraven gruntis ekvivalenturi Sris sisqes, romelic 
damokidebulia puasonis koeficientze (TixisaTvis 0, 41ν = ). roca 
3, 2/ 1,6
2
a b = =   da 0, 41ν = : 
1,94 2 3,9sh A bω= = ⋅ = m 







= = = kpa-1 
4. sazRvraven saZirkvlis dajdomis sidides erTgvarovan gruntSi  
formuliT: 
0 0 3,9 0,00003 300 3,8sS h a p= = ⋅ ⋅ = sm<8sm. 
 miRebuli dajdomis sidide (S) axlosaa dajdomis 
sididesTan, romelic gamoTvlilia Sreobrivi Sejamebis 
meTodiT, da aseve mniSvnelovnad naklebia zRvrul dasaSveb 
sidideze. 
 dajdomis gaangariSebis ekvivalenturi Sris meTodi 
gamoiyeneba gansakuTrebiT maSin, rodesac nagebobis fuZe 
warmodgenili iqneba erTgvarovani gruntebiT. 
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      gamoyenebis are:   
1. misi gamoyeneba gansakuTrebiT mizanSewonilia, roca 
nagebobis fuZe warmodgenili iqneba erTgvarovani gruntebisagan. 
 
    dadebiTi mxare: 
1. es meTodi dajdomis gansazRvris saSualebas iZleva 
gverdiTi gaganierebis pirobebSi. 
2. es meTodi mxedvelobaSi iRebs dajdomis gaangariSebaSi 
gruntis   sxvadasxvaobas, Tu gruntebis maxasiaTeblebi mkveTrad 
ar aris gansxvavebuli; 




1. misi gamoyeneba araerTgvarovani gruntis SemTxvevaSi iZleva 
saZirkvl;is dajdomis gadidebul mniSvnelobas, gansakuTrebiT 
Tu gruntis maxasiaTeblebi mkveTrad arian gansxvavebuli; 
2.  ar iTvaliswinebs Zabvebis cvlilebas siRrmeSi; 
3.  ar iTvaliswinebs miwisqveSa wylebis gavlenas; 
4. ar iTvaliswinebs mezobeli nagebobebis datvirTvebis gavlenas. 
 
 amgvarad, Cvens mier gaangariSebiT miRebuli da teqnikur 
literaturaSi moyvanili Sedegebis Sedarebis mixedviT 
ekvivalenturi meTodi iZleva dajdomis sididis gadidebul 
mniSvnelobas, Sreobrivi Sejamebis meTodTan SedarebiT. 
 aqedan gamomdinare, ekvivalenturi Sris meTodi SeiZleba 








$1.4. fuZis dajdomis gansazRvra mimdevrobiTi  
miaxloebis meTodiT 
 
   dakvirvebebi saZirkvlis dajdomis mimdinareobaze gviCvenebs, 
rom gavlenis radiusis (gegmaSi) sazRvrebSi, misi mniSvneloba 
utoldeba miaxloebiT aqtiuri zonis sisqes, dadgenils fuZeze 
gadacemuli yvela datvirTvis gaTvaliswinebiT. swored es 
migviTiTebs imis aucileblobaze,  rom angariSi SeiZleba 
vawarmooT mimdevrobiTi miaxloebis meTodiT. 
  dasawyiSi vpoulobT aqtiuri zonis sisqes. amisaTvis 
vadidebT siRrmes saZirkvlis Ziridan 20-30%-iT ( 0, 4z = m) da 
vixilavT gavlenis radiusis da aqtiuri zonis pirvel 
miaxloebas, sadac ganisazRvreba damatebiTi wneva  ( zpσ ) da 
Semowmdeba dajdomis piroba. Tu piroba ar Sesrulda, kidev 
vzrdiT siRrmes 20-30%-iT da vakeTebT gavlenis radiusis da 
aqtiuri zonis meore miaxloebas. saWiro SemTxvevaSi kidev 
gavzrdiT siRrmes da vagrZelebT angariSs manamde, sanam 
miaxloebiT mainc ar miiReba gavlenis radiusis da aqtiuri 
zonis siRrmis toloba. SevniSnavT, rom gavlenis radiusis 
miaxloeba aqtiuri zonis siRrmesTan SeiZleba b sididis 
cvlilebiTac (1b,2b…), an kidev ganvixilavT miaxloebas jer 
pirveli fenis siRrmeze, Semdeg meore fenis siRrmeze da a.S. 
  saZirkvlis dajdomis sididis gansazRvras vakeTebT im 
monacemebis mixedviT, romelic mocemulia wina magaliTSi. 
 magaliTi 1.4.1. ganisazRvros saZirkvlis dajdomis sidide 
im monacemebis mixedviT, romelic mocemulia 1.1.1 magaliTSi. 
 bunebrivi da damatebiTi Zabvebi saZirkvlis Zirze tolia: 
0 16 1,5 24zg dσ γ ′= = ⋅ = kpa 
( ) ( )0 zgop p 1,000 290 24 266= α − σ = − = kpa 
 Semdeg yovel miaxloebaze vsazRvravT bunebriv ( )zgσ  da 
damatebiT ( )zpσ  Zabvebs siRrmeSi me-1.1.2 da me-1.1.3 formulebiT. 
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Cveulebrivi gruntis SemTxvevaSi vnaxulobT siRrmes, sadac 
zgzp σσ 2,0≤ . miaxloebas vaxdenT jer pirveli fenis siRrmeze, 
Semdeg meore fenis siRrmeze da a.S. 
   angariSis Sedegebi Seitaneba cxr.13-Si. α -s mniSvnelobebi 
miiReba cxr. 2-dan, roca 1, 4a
b

























4.0 4.0 0.145 39 75 
mesame- 
Tixa 
4.8 4.8 0.105 28 137 
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 cxrili 13-is mixedviT moinaxeba gavlenis radiusis da 




zgσ≈ =27,8kpa. saZirkvlis dajdomis sidide 
ganisazRvreba (1.1.5) formuliT da  tolia: 
1
0,8 1,6 266 142 0,016
18000 2
S ⋅ + = =  
m=1,6sm 
2
0,8 2,4 142 39 0,010
16000 2
S ⋅ + = =  
m=1sm 
3
0,8 0,8 39 28 0,001
18000 2
S ⋅ + = =  
m=0,1sm 
sruli dajdoma iqneba 
2,7sm,m ==++=++= 027,0001,0010,0016,0321 SSSS  
rac 0,3sm-iT metia Sreobrivi SejamebiT miRebulTan. 
Semowmdeba dajdomis piroba me-1.1.6 formuliT: 





e.i dajdomis piroba dakmayofilebulia. 
 magaliTi 1.4.2. ganisazRvros saZirkvlis dajdomis sidide 
im monacemebis mixedviT, romelic mocemulia 1.1.2 magaliTSi. 
bunebrivi da damatebiTi Zabvebi saZirkvlis Zirze tolia: 
kpa245,116 =⋅=′= dzg γσ  
( )0 0( ) 1,000 324 24 300zgp pα σ= − = − = kpa 
 Semdeg yovel miaxloebaze vsazRvravT bunebriv da 
damatebiT Zabvebs siRrmeSi me-1.1.2 da me-1.1.3 formulebiT. 
Cveulebrivi gruntis SemTxvevaSi vnaxulobT siRrmes, sadac 
0, 2zp zgσ σ= . 
   angariSis Sedegebi Seitaneba cxr. 14-Si. α -s mniSvnelobebi 
miiReba cxr. 2-dan, roca 1,6a
b
=   
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 cxr. 14-is mixedviT moinaxeba gavlenis radiusis da aqtiuri 
zonis qveda zRvari siRrmeze 7.2z′ = m, sadac 
17zp′ =σ kpa 0,2 17.8zgσ ′≈ = kpa       saZirkvlis dajdomis sidide 
ganisazRvreba (1.1.5) formuliT da  tolia: 
1
0,8 1,6 300 167 0,002
15000 2
S ⋅ + = =  
m 
2
0,8 1,2 167 85 0,007
17000 2
S ⋅ + = =  
m 
3
0,8 2,0 85 35 0,006
16000 2
S ⋅ + = =  
m 
4
0,8 2,4 35 17 0,003
18000 2
S ⋅ + = =  
m 
sruli dajdoma iqneba 
1 2 3 4 0,02 0,007 0,006 0,003 3,8S S S S S= + + + = + + + = sm 
35 
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rac 0,2sm-iT metia Sreobrivi SejamebiT miRebulTan. 
Semowmdeba dajdomis piroba (1.1.6) formuliT 
uS S≤  
3,8S = sm<8sm [13, damateba 4]. 
e.i dajdomis piroba dakmayofilebulia. 
aRniSnuli meTodis gamoyenebis sfero farToa:  
1. rodesac gruntis gverdiTi gaganiereba SeuZlebelia; 
2. rodesac gvaqvs susti gruntebi da maTi fizikuri mdgomareoba 
sxvadasxvaa (ci, iϕ , Ei); 
3. rodesac aqtiuri zonis sisqe sakmaod didi gamodis; 
4. gansakuTrebiT, rodesac gvaqvs maRlivi Senobebi (30 sarTuli 
da meti). am SemTxvevaSi zrdian saZirkvlis CaRrmavebas, riTac 
aRweven bunebrivi wnevis hγ -is gadidebas da mis miaxloebas 
saSualo wnevasTan (p) da amiT aRweven dajdomis Semcirebas. Tu 
dγ -s mniSvneloba gautoldeba saSualo wnevas (p)-s, maSin 
dajdoma mTlianad gamoiricxeba;  
5. rodesac saWiroa mezobeli nagebobebis gavlenis 
gaTvaliswineba; 
6. da sxva. 
 
    aRniSnuli meTodis gamoyenebis dadebiTi mxareebia: 
1. iTvaliswinebs p wnevis Semcirebas fuZis siRrmeSi;  
2. iTvaliswinebs deformaciis modulis cvlilebas siRrmeze; 
3. iTvaliswinebs miwisqveSa wylebis gavlenas; 
4. jdoma ganpirobebulia mxolod zpσ -ZabviT; 
5. deformacia nawildeba mxolod aqtiuri zonis farglebSi;  
6. Zabvebi ganisazRvreba mxolod saZirkvlis centris qveS; 
7. β =0,8-uganzomilebo koeficienti, romelic miiReba samSeneblo 
normebiT.  
        aRniSnuli meTodis gamoyenebis uaryofiTi mxareebia: 
1. dajdomis sidide aRemateba mis faqtobriv mniSvnelobas. es 
migviTiTebs   imaze,   rom   gruntis saangariSo maxasiaTeblebi  
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(ϕ  da )c  unda ganisazRvros savele pirobebSi da ara 
laboratoriul pirobebSi, rac dakavSirebulia did xarjebTan; 
2. grunti ganixileba, rogorc erTgvarovani xazovan-
deformadi sxeuli, mxolod Zalian mcire diapazonSi;  
3.  samSeneblo normebis mixedviT fuZis dajdoma ganisazRvreba 
mxolod erTRerZa kumSvaze,  ,  x yσ σ -is gavlena gamoricxulia, 
rac ar aris swori da am mimarTulebiT unda gagrZeldes 
muSaoba. 
Cveni azriT, mimdevrobiTi miaxloebis meTodi gamoyenebuli 
unda iqnes:  
• Zalian sust gruntebSi, sadac fuZis gavrcelebis siRrme 
Zalian didi gamodis;  
• rodesac gvaqvs mezobeli nagebobebis gavlena, romelTa 
gavlenis gaTvaliswineba aucilebelia arsebul nagebobaze; 
• rodesac vagebT maRliv Senobebs. 
 
saerTo daskvna 
 Cven mier miRebuli gaangariSebebiT da teqnikur 
literaturaSi moyvanili Sedegebis mixedviT SezRuduli sisqis 
drekadi fuZis, ekvivalenturi Sris da mimdevrobiTi miaxloebis 
meTodiT gasaangariSebeli saZirkvlis dajdomis sidide 
aRemateba Sreobrivi Sejamebis meTodiT miRebuls, amitom zemoT 
aRniSnuli fuZis dajdomis gasaangariSebeli meTodebi SeiZleba 
miviRoT rogorc miaxloebiTi meTodi anu inJinruli meTodi. 
  aqedan gamomdinare, fuZis deformaciis gasaangariSeblad 
Sreobrivi Sejamebis meTodi miiReba erT-erT ZiriTad 
(tradiciul) meTodad, anu optimalur meTodad da amJamad 
farTod iyeneben saproeqto organizaciebSi. misi upiratesoba 
mdgomareobs imaSi, rom es meTodi iZleva gruntebis TvalnaTliv 
daTvalierebis da misi muSaobis Seswavlis SesaZleblobas. es 
meTodi iTvaliswinebs gruntebis saxeobas da maT mdgomareobas, 
Zabvebis (p) Semcirebas fuZis siRrmeSi da gruntebis fenebis 
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deformaciis modulis (E) cvlilebas, aseve iZleva miwisqveSa 
wylebis gavlenis mxedvelobaSi miRebis saSualebas. 
gansakuTrebiT unda aRiniSnos misi gamoyenebis SesaZlebloba 
maRlivi Senobebis daproeqtebis dros misi CaRrmavebis gadidebis 
gziT, aseve roca aucilebelia mezobeli nagebobebis 
datvirTvebis gavlenis gaTvaliswineba. 
 
 
$1.5. Senoba-nagebobebis fuZis deformaciis Sreobrivi  
Sejamebis meTodis kompiuteruli realizacia 
da optimaluri parametrebis gansazRvra 
 
Sesavali da amocanis dasma 
 Senoba-nagebobebis simtkice, rogorc zemoT iyo aRniSnuli, 
damokidebulia im fuZeze, romelzedac is unda aSendes. amitom 
fuZis deformaciis zust gaangariSebas gansakuTrebuli 
mniSvneloba eniWeba. fuZis deformaciis gaangariSebisaTvis 
saWiro sawyisi parametrebis SerCeva xdeba Senobis specifikidan 
gamomdinare damproeqteblis mier, misi Teoriuli da praqtikuli 
gamocdilebidan gamomdinare. TviT gaangariSebis siswore 
gamoCndeba mxolod saboloo etapze da Tu Sedegi ar aris 
damakmayofilebeli, maSin damproeqtebels Tavidan uxdeba 
gaangariSebebis Catareba, oRond Secvlili sawyisi parametrebiT. 
es procesi SeiZleba ramodenimejer ganmeordes, sanam ar iqneba 
miRweuli sasurveli Sedegi, rac sakmaod Sromatevad samuSaos 
warmoadgens. 
 sadisertacio  naSromSi  damuSavebulia Senoba-nagebobebis 
fuZis Sreobrivi Sejamebis meTodis kompiuteruli realizaciis 






I) Senoba-nagebobis fuZis deformaciis Sreobrivi 
Sejamebis meTodis kompiuteruli realizaciis 
algoriTmi 
  
algoriTmi SeiZleba CamovayaliboT Semdegnairad: 
1. winaswar formirdeba monacemTa bazis relaciuri modeli, rac 
gulisxmobs kη -s Sesabamisi ( ) ki ηα  monacemebis  cxrilis saxiT 
ganTavsebas kompiuteris mexsierebaSi. mexsierebaSi ganTavsdeba 
agreTve gare datvirTvis mniSvneloba, gruntis fenebisa da 
saZirkvlis parametrebi (rogoricaa fenebis kuTri wonebi, 
saZirkvlis sigane, CaRrmaveba da sxva saWiro parametrebi). 




η = -s 
realuri mniSvneloba. Tu 
r kη η= , maSin  angariSisaTvis aiReba 
bazaSi ganTavsebuli cxrilis  ( )
r
i ηα  Sesabamisi mniSvnelobebi, 
winaaRmdeg SemTxvevaSi moxdeba realuri 
r
η -s sazRvrebis 
gansazRvra, romlis dadgenis Semdeg gamoiTvleba Sesabamisi 
( )
r
i ηα  mniSvnelobebi interpoliaciis formulis gamoyenebiT, 
romelsac Semdegi saxe aqvs: 
1
1
( ) ( )( ) ( ) ( )k k
r k r k
k k
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α α













 - wnevas 
saZirkvlis Zirze, Semdeg gamoiTvlis 
,zp iσ  da ,zg iσ  mniSvnelobebs, 
formulebis 
, 0( ) rzp i i pησ α= ⋅  da , 
1
n
zg i n i i
i
d hσ γ γ
=
′= +∑  Tanaxmad. 
3. daiwyeba jamis cikluri gamoTvla  
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j  icvleba 1,2,…..…m, sadac m  fenebis ricxvia da HH - 
gamoTvlebis bijis sidide. analogiuri ciklebi m–jer 
ganmeordeba da misi raodenoba ganpirobebulia gruntis 
geologiuri pirobebiT.  
5. saboloo etapze fuZis jamuri deformaciis sidide 
ganisazRvreba formuliT: 
 1 2 ... mS S S S= + + +                                          
sadac 1 2 ... mS S S+ + +  aris Sesabamisi fenebis deformaciebi. 
ganvixiloT magaliTi: 
magaliTi 1.5.1. ganvsazRvroT saZirkvlis dajdomis sidide, roca 
saZirkvlis sigane b=2 m, sigrZe l= 2,8 m da CaRrmaveba bunebrivi 
reliefidan  
n
d =1,5 m.  fuZe  Sedgeba  wvrili  qviSisagan sisqiT 
H1=1,6 m, 1γ =18 kn/m3, E1=18 mpa, Tixnarisagan sisqiT H2=2,4 m, 2γ =17 
kn/v3, E2 =17 mpa,  da saSualo simsxos qviSisagan sisqiT H3=2,4 m,  
3γ  =19 kn/m3,  E3 =30 mpa. miwisqveSa wylis done mdebareobs miwis 
zedapiridan 3,1m siRrmeze, romlis qvemoT mdebare Tixnaris 
kuTri wonaa 10,3kn/m3. wneva saZirkvlis zedapirze 
1624 / (2 2.8) 290= × =N  kpa. 
qvemoT moyvanil cxrilSi mocemulia erTi da igive 
magaliTis gaangariSebis ramdenime varianti:  
magaliTis gaangariSebis variantebi. 
       cxrili 15 
magaliTis parametrebi 
kompiuterze miRebuli Sedegebi 
I-fena II-fena III-fena jami 
# b I dn N S1 S2 S3 s 
1 2 2.8 1.5 1624 0.01825941 0.007139592 0.001281233 0.02668023 
2 2.5 2.8 1.5 1624 0.01370675 0.004743923 0.0008221971 0.01927287 
3 2 2.8 2 1624 0.0179169 0.007005668 0.0012572 0.0261796 
4 2.5 2.8 2 1624 0.01338077 0.004631103 0.0008026436 0.01881452 
   optimaluri Sedegi: I=2,8, b=2,4,   d=1,9,    maSin     S=1,88 
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II) optimaluri parametrebis gansazRvra SemTxveviTi  
Zebnis meTodis gamoyenebiT 
 
 fuZis deformacis sididis gansazRvrisas dgeba sakiTxi 
misi optimaluri mniSvnelobis SerCevis  Sesaxeb. SemoviRoT 
aRniSvnebi 1X =b da 2X = nd , maSin S SegviZlia warmovadginoT 
rogorc ori cvladis funqcia 1 2( , )S F X X= ,  bunebrivi 
reliefidan an sxva ekonomikuri an inJinruli mosazrebebidan 
gamomdinare davadginoT fuZis siganis X1 da CaRrmavebis X2 
SesaZlo cvlilebebis areebi, vTqvaT esenia b1 da b2, da 1nd  da 
2nd  Sesabamisad, e.i. gvaqvs Semdegi SezRudvebi: A 
     1 1 2b X b≤ ≤                         (1.5.1)                      
da  
      1 2 2n nd X d≤ ≤                      (1.5.2)                             
amgvarad fuZis deformaciis optimaluri anu minimaluri 
mniSvnelobis povnis  amocana daiyvaneba arawrfivi daprogramebis 
amocanamde Dda SeiZleba CamovayaliboT Semdegnairad: 
vipovoTF 1 2( , )S F X X=  funqciis minimaluri mniSvneloba, rodesac 
sruldeba (1.5.1) da (1.5.2) pirobebi.  
vinaidan ucnobia  1 2( , )S F X X=  funqciis analizuri saxe da 
amave dros ucnobia misi unimodalobis sakiTxi misi eqstremumis 
mosanaxad ver gamoviyenebT eqstremumis moZebnis maTematikaSi 
cnobil klasikur-gradientis meTods. amitom aseT SemTxvevaSi 
yvelaze mizanSewonilia gamoviyenoT eqstremumis monaxvis 
SemTxveviTi Zebnis (gadarCevis) meTodi, romelic ε  sizustiT 
krebadobas  V→ ∞ raodenobis statistikuri cdebis Catarebis 
safuZvelze uzrunvelyofs. aRniSnuli meTodiT mravali cvladis 
funqciis globaluri eqstremumis moZebna didi raodenobis 
cdebis Catarebas iTvaliswinebs, rac SromatevadobasTan aris 
dakavSirebuli,Mmagram es nakli Tanamedrove kompiuterebis 
gamoyenebiT gadalaxulia. 
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cnobilia, rom V raodenobis statistikuri cdebis 
Catarebis Semdeg ε  midamoSi erTi wertilis moxvedris albaToba 
Seadgens ( ) 1 (1 )qP V ε= − − ,  sadac q parametrebis raodenobaa. 
maSasadame statistikuri cdebis is raodenoba, romlis 
safuZvelze P albaTobiT SeiZleba davamtkicoT, rom ε  sizustiT 
moZebnili optimaluri mniSvneloba WeSmarit mniSvnelobas 
Seesabameba 









1 ln [ ])1/(1 p− .                                         
magaliTad, organzomilebiani amocanis SemTxvevaSi (q=2), 
roca PP=1/2 da ε =10 3− , saWiroa aranakleb  
         V= (1/ 10 3−  )2 ln [ ])5.01/(1 −   = 106 ln2 = 0.69.106  
raodenobis statistikuri cdebis Catareba. 
 qvemoT moyvanilia amocanis amoxsnis formalizebuli 
algoriTmis aRwera: 
1.  winaswar ganisazRvreba algoriTmis sawyisi parametrebi: 
• damoukidebeli cvladebis raodenoba –  q;  
• SezRudvaTa raodenoba, romelic dadebulia damoukidebel 
cvladebze; 
• damoukidebel cvladTa SesaZlo cvlilebis areebi (zeda 
da qveda zRvrebi); 
• Casatarebeli statistikuri cdebis raodenoba - V; 
• maqsimalurad SesaZlo didi ricxvi R. 
2.  sruldeba statistikuri cdebis Catarebis cikli. 
3. SemTxveviTi ricxvebis generatori ciklurad gamoimuSavebs 
SemTxveviT ricxvebs, romlebic Semdeg formirdeba, rogorc 
saZebni parametrebi X1  da X2.   
4. gamoiTvleba SezRudvaTa yvela mniSvneloba da ciklurad 
Semowmdeba maTi Sesrulebis piroba. 
5. yvela pirobis dakmayofilebis SemTxvevaSi gamoiTvleba F 
funqcia da Semowmdeba FF<R pirobaze. Tu es piroba daculi 
iqneba, maSin R-s mieniWeba FF-is toli mniSvneloba, e.i. R=FF, 
romelic Seinaxeba mexsierebaSi (masTan erTad mexsierebaSi 
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Seinaxeba agreTve X1 da X2 parametrebis mniSvnelobebi), raTa 
gamoyenebul iqnes Semdegi ciklisas. winaaRmdeg SemTxvevaSi, 
e.i, roca F R≥ , programa ubrundeba me-2 punqtis Sesrulebas. 
  zemoTaRwerili procesi meordeba manam, sanam 
statistikuri cdebis Catarebis ricxvi  V-s ar gadaaWarbebs. 
 Aamgvarad programis muSaobis saboloo Sedegs warmoadgens 
miznis funqciis,  e.i Senobis fuZis deformaciis minimaluri 
mniSvneloba da saZirkvlis siganisa da CaRrmavebis is 
mniSvnelobebi, romlis drosac  funqciis minimalur 
mniSvnelobas aqvs adgili. garda amisa programa gansazRvravs 
swrafqmedebis parametrsac-miznis funqciis gamoTvlis 
raodenobas. 
 aRniSnuli naSromi SeiZleba gamoiyenon rogorc 
samSeneblo, satransporto da hidroteqnikuri fakultetebis 
studentebma laboratoriuli da sakurso samuSaoebis 
Sesrulebisas, aseve saproeqto organizaciebSi momuSave inJiner-
teqnikurma personalma. 
danarTSi mocemulia Senoba-nagebobis fuZis deformaciis 
Sreobrivi Sejamebis meTodis da optimaluri parametrebis 
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 bzarebis zogierTi amocanis ricxviTi amoxsna  




 Uukanasknel wlebSi, samSeneblo meqanikis sxvadasxva saxis 
gamoyenebiTi tipis amocanebis ricxviTi amoxsnebisaTvis sul 
ufro da ufro farTod gamoiyeneba singularuli integraluri 
gantolebebi, umetes SemTxvevaSi, aseTi gantolebebi warmoadgens 
moxerxebul saSualebas mravali gamoyenebiTi problemis 
gadasaWrelad, ramac Tavisi asaxva hpova mravali cnobili 
avtoris monografiaSi [19,20], aRniSnuli gantolebebis ricxviTi 
meTodebis ganviTareba daiwyo gacilebiT ufro gvian, vidre 
Teoriuli gamokvlevebi. naSromTa mniSvnelovani nawili 
ruseTisa da dasavleTis qveynebSia gamoqveynebuli. aseTi 
Sromebis farTo CamonaTvali mocemulia s. belocerkovskisa da 
i. lifanovis cnobil monografiaSi [2]. 
 Ggamokvlevebma aCvena, rom, singularuli integraluri 
gantolebebiT, sxva cnobili meTodebisagan gansxvavebiT, zustad 
aRiwereba warmoSobili amocanebis rTuli buneba (gansakuTrebiT 
bzarebis amocanebSi). Mmeore mxriv, singularuli integraluri 
gantolebebisaTvis ricxviTi algoriTmebis agebis dros 
vawydebiT problemebs, imis gamo, rom singularuli integrali 
Cveulebrivi azriT ganSladia da gaigeba garkveuli specialuri 
azriT (e.w. koSis mTavari mniSvnelobiT), amitom aseTi 
gantolebebis ricxviTi algoriTmebis agebis dros warmoiSoba 
damatebiTi principuli xasiaTis siZneleebi. 
 miuxedavad imisa, rom integralur gantolebaTa meTodi 
samSeneblo meqanikis amocanebSi mZlavri  aparatia, am 
amocanebisaTvis mravali kiTxva rCeba gadauWreli rogorc 
ricxviTi amoxsnis TvalsazrisiT, aseve amoxsnis meTodebis 
srulyofasTan dakavSirebiT. aseTi amocanebia, magaliTad 
nebismieri formis bzarebis mqone sxeulis daZabuli 
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mdgomareobis daTvla, aseve amocanebi wyvetili sawyisi 
monacemebiT da a.S. agreTve bzarebis amocanebi iseTi 
areebisaTvis, romlebic SemosazRvrulia nebismieri gluvi an  
uban-uban gluvi wirebiT. 
 Ppraqtikuli gamoyenebiTi tipis amocanebSi (mag., bzarebSi) 
xSirad wiris zusti parametruli gantolebiT mocema rTulia 
(xSirad SeuZlebelic) da cnobilia mxolod am wiris grafikuli 
saxe. aseT SemTxvevebSi, rogorc eqsperimentma aCvena, efeqturia 
singularul integralur gantolebebaTa meTodi, radganac Cvens 
mier agebuli gamoTviliTi sqemebi moTxovs mxolod wiris 
kvanZiTi wertilebis codnas. amasTan, zusti gantolebis 
diskretizaciis dros aproqsimacias moiTxovs mxolod saZebni 
amonaxsni. 
 Cveni mizania bzarebis amocanebis ricxviTi amoxsnebisaTvis 
aigos maRali rigis sizustis sqemebi, roca bzars aqvs nebismieri 
gluvi an uban-uban gluvi wiris forma da axali algormiTmebis 
gamoyenebiT Seiqmnas Sesabamisi programebi.  
 
 
$2.1. dirixles amocanis ricxviTi amoxsna ucnobi 
gaxsnili sasazRvro wiris SemTxvevaSi 
 
gamoyenebiTi xasiaTis amocanebSi (magaliTad, bzarebis) 
mrud-wiris gamosaxva zusti parametruli gantolebiT, xSirad 
siZneles warmoadgens, rig SemTxvevaSi ki, SeuZlebelsac. 
cnobilia mxolod am mrudis grafikis saxeoba. aseT SemTxvevebSi, 
rogorc eqsperimentebma gvaCvena, am amocanebis ricxviTi 
amoxsnisaTvis efeqtiania singularul integraluri gantolebis 
meTodi, rameTu am dros gaTvaliswinebuli sqemebi moiTxovs 
saZebni funqciis mniSvnelobebs mxolod sakvanZo wertilebSi. 
amasTan, gantolebis diskretizaciis procesSi, aproqsimacia 
saWiroa mxolod saZiebeli amoxsnisaTvis. 
aRvniSnoT D-Ti sibrtye, romelic gaWrilia gluvi 
liapunovis L=ab wiris gaswvriv (boloebiT a da b), romlis 
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parametrul gantolebas miviRebT ucnobad. ganvixiloT dirixles 
amocana (am amocanamde daiyvaneba gamoyenebiTi xasiaTis 
praqtikuli amocanebis didi raodenoba [19-20]). aucilebelia 
holomorfuli φ  funqciis moZebna usasrulo D-s areSi, 
romelic qreba usasrulobaSi, romelic uwyvetad grZeldeba 
marcxniv da marjvniv mrudis gaswvriv, garda mrudis a da b 
boloebisa,  sadac igi akmayofilebs Semdeg pirobebs:  




    (2.1.1) 
e.i. aqvs susti gansakuTrebuloba; 
c   emTxveva a an b, Semdegi zRvruli pirobebiT  
0 0 0Re ( ) Re ( ) ( ),t t f tφ φ+ −= =    (2.1.2) 
sadac 0( )f t    LL-ze mocemuli namdvili uwyveti funqciaa. 
 Tanaxmad [21], davuSvaT 
1 ( )( , ) ( , ) ( ) ,    (z) D
L




+ = = ∈
−
∫ . 
amoxsnas veZebT koSis tipis integralis namdvili nawiliT: 
1 ( )( , ) Re ,    (z D)
L






∫ ,  (2.1.3) 
sadac ( )tϕ  _ saZiebeli namdvili funqcia.  
(2.1.3) toloba  CavsvaT  (2.1.2) sasazRvro tolobaSi. maSin 
( )tϕ -s moZebnis amocana daiyvaneba Semdegi saxis singularul 
integralur gantolebaze [21]: 
      0
0
1 ( )Re ( ).
L






∫                              (2.1.4) 
rogorc musxeliSvilis Teoriidanaa cnobili, (2.1.4)  gantolebas 
SeiZleba hqondes sami tipis amonaxsni: 
 1. ( )tϕ  amoxsnis mosaZebnad, romelic SemosazRvrulia erT 
boloze da ar aris SemosazRvruli meoreze, viyenebT pirveli 
gvaris singularul integraluri gantolebis amoxsnis cnobil 
warmodgenebs [21].  mas eqneba Semdegi saxe: 
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sadac 0 ( )t Hϕ ∈  (helderis klasis funqciaa). am SemTxvevaSi 
vgulisxmobT, rom ( )tϕ  amoxsna SemosazRvrulia a-s boloze da 
ar aris SemosazRvruli b-s boloze. maSin (2.1.4) gantoleba 
miiRebs Semdeg saxes: 
 0 0 0 0
0
1 ( ) 1 ( , ) ( ) ( );
L L
t a t t adt k t t t dt f t
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sadac       0 0( , ) arg( ),t t t tϑ ϑ= = −    L mrudi     parametrulad 
Cawerilia L: ( )t t σ=  saxiT, sadac σ  aris parametri mrudis 
sigrZesTan SefardebiT. 
 rogorc cnobilia, [21], am gantolebas aqvs HH klasis 
erTaderTi amoxsna.   
 2. roca veZebT ( )tϕ  amoxsnas, romelic SemousazRvrulia 
orive boloze, 
0
1( ) ( )( )( )t tt a t bϕ ϕ= − − , 




1 ( ) 1 ( , ) ( ) ( )( )( )( ) ( )( )
o o
L L
t dt k t t t dt f t




− − − − −
∫ ∫ . 
am SemTxvevaSi, (2.1.4) gantolebas rom hqondes erTaderTi 










sadac C _ raime damatebiTi mudmivaa. 
 3. roca veZebT ( )tϕ  amoxsnas, romelic SemosazRvrulia 
orive boloze, mas eqneba Semdegi saxe: 
0( ) ( )( ) ( ),t t a t b tϕ ϕ= − −  
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( )( ) ( )1 1 ( )( ) ( , ) ( ) ( ).
L L
t a t b t dt





+ − − =
−
∫ ∫  
imisaTvis, rom miRebul gantolebas hqondes amoxsna, unda 
Sesruldes piroba 
( ) 0( )( )L
f t dt




amasTan, am SemTxvevaSi amonaxsni iqneba erTaderTi [21]. 
 simartivisa da garkveulobisaTvis  gantolebis  amonaxsns 
veZebT Semdegi saxiT: 







e.i. veZebT iseT amoxsnas, romelic SemosazRvrulia L mrudis a 
boloze da ar aris SemosazRvruli b boloze (aseTi SemTxvevebi 
xSirad gvxvdeba gamoyenebiTi xasiaTis praqtikul amocanebSi [19]). 
am SemTxvevaSi (2.1.4) gantoleba miiRebs Semdeg saxes: 
 0 0 0 0
0
1 ( ) 1 ( , ) ( ) ( ).
L L
t a t t adt k t t t dt f t






∫ ∫  (2.1.5)   
radganac Cven ar viciT L mrudis gantoleba, uSualod 
monitoris ekranidan Segvyavs mrudis wertilebi da Semdeg 
gamoviyenebT uban-uban splain-polinomialur meoTxe rigis 
interpolacias. 
 `spline toolbars~ paketis gamoyenebiT igeba Sesabamisi 
konturi. monitoris ekranze sxva parametrebTan erTad Cndeba 
parametri,  romelic niSnavs mrudis sigrZes. amasTan, igi 
SeiZleba ganvixiloT, rogorc rkalis parametris analogi da 
CaviweroT LL mrudis gantoleba: ( )t t σ= , sadac σ  parametri 
aRniSnavs Sesabamisi rkalis sigrZes. 
 amoirCeva konturis dayofis raRac ricxvi  n da 
ganisazRvreba dayofis biji /h nσ= . aucilebelia aRvniSnoT, 
rom konturis danawevreba kvanZebad { } 1nj jσ =  mrudis rkalze 
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aRmoCndeba Tanabari rkalis sigrZis mimarT, romlis boloebic 
aris jσ  da 1jσ + . amas ar aqvs adgili im SemTxvevaSi, roca 
mrudis danawevreba xdeba bunebrivi parametrebis mimarT. 









t t t t
t t t l t t l t L t
t t t tσν σ σ σ νσ σ
ψ ϕ ϕ ϕ ϕ
= =
− −
= + ⋅ + ⋅
− −
∑ ∑  (2.1.6) 









L t l t tν νϕ ϕ
=
= ∑  
1















0( ; , )t tσνψ ϕ  uban-uban sainterpolacio mravalwevria. Tu (2.1.6)-es 
CavsvamT (2.1.5)-Si, miiReba Semdegi wrfiv gantolebaTa sistema 
0 ( )ktσϕ  ucnobebis mimarT. 
n m
0n vj ie n ie vj 0n ie 0 vj
i 1 l 1
(t ) q A (t , t ) (t ) f (t )
= =
ϕ + ϕ =∑∑ , 
sadac  
(1/2; 1/2) (1/2; 1/2)n m m m
(1/2; 1/2)k
n ie vj j j
1 k 1 k 1 k 1k vj j
v k j k j
(1/2; 1/2)n m
j il ie
1 k 1 j
(1/2; 1/2)
k j
P PA (t , t ) 1 P d (t )
t t t t




∗ − ∗ −
∗ −σ νκ
ν νκ ν
























ie j j k ie
1 k 1
k j k j





xolo 0n j(t )νϕ  - saZebni sidideebia. 
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(1/ 2; 1/ 2) (1/ 2; 1/ 2)n m m m
(1/ 2; 1/ 2)k
0 vj j j j
1 k 1 k 1 k 1j j k
v k j k j
(1/ 2; 1/ 2) (1/ 2; 1/ 2)n m m
1 k 1 k 1j k j k
k j
P Pf (t ) 1 P d (t ) f (t )
t t t t
P Pf (t ) f (t )
t t t t
∗ − ∗ −
∗ −σ νκ
ν νκ ν ν
σ= = = =ν σκ ν ν
σ≠ ≠ ≠
∗ − ∗ −
σκ νκ
σκ νκ






















( 1,2,..., n; j 1,2,...,m)   ν = =  
1 i i 1
m mj ij(1/ 2; 1/ 2) ( 1/ 2;1/ 2)
k ilj 1 j 1j ie ijj k j e
t t t t1 t b 1 t aP dt P dt
i t a t t i t b t t






σκ στ τ τ τ≠ ≠
− −
− −
= Π = Π
pi − − pi − −∫ ∫
 
(1/2; 1/2)
(1/2; 1/2) (1/2; 1/2) (1/2; 1/2)
k l 1m
P , k 2,m 1; 1,n,






 = − σ =

=  + = σ =


   






























mtkicdeba [17], rom aRniSnul sistemas aqvs erTaderTi amonaxsni, 
vpoulobT am amonaxsnebs, amovxsniT am sistemas, vipoviT 
{ }0 1( ) nktσ σϕ =   (k=0,m)  mniSvnelobebs da am mniSvnelobebze avagebT 





























0, 1;     , 1.n k o mσ = − = −  
 mas Semdeg, rac Sesabamisi miaxloebiTi sistemidan 
movZebniT mniSvnelobas { }0 1nj jϕ = , amocanis miaxloebiTi 
amoxsnisaTvis vRebulobT: 
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1 ( )( , ) Re ,     (z D)nn
L
t a tU x y dt






∫        (2.1.7) 
sadac ( )n tψ  warmoadgens { }0 1nj jσ =  mniSvnelobaze agebul 
langranJis interpolaciur mravalwevrs,  
n
n 0n oj
j 1 oj 0 j
(t)(t) (t ).(t t ) (t )
=
ωψ = ⋅ ϕ
′− ω
∑  
roca LL wiri uban-uban gluvia  1 2, ,... nq q q  kuTxiTi wertilebiT 







nax. 7  
dirixles amocanaSi 
(1/ 2; 1/ 2)
0( ;t ) −S ϕ  singularul integrals 
vcvliT m.kublaSvilis mier agebuli 
1 2, , ,... 0
( ; )
nn q q q
s tϕ  maRali 
sizustis miaxloebiTi maaproqsimirebeli jamiT:  
{
1 2, , ,..., 0 0 0 0
1 1 0
0





( ; ) ( ) ( ) [ ( ; ) ( )]
( ; )[ ( ) ( ) ] [ ( ; ) ( )] ( ) ( )








i i i i i k r r




k r r k
p
s t t t L t t
t t
t qq t L q t q t
q t










ϕ ϕ λ ϕ ϕ









= + − +
−
Ω







∑ }1) ( )] ,r kt σϕ −−
 
sadac  
[ ]00 0 0 0
0
( , ) ( ) ( ) ( ) ( )( ) ( )
i
i k i i k i i i i k i i k
i k i i k
t q
t q p t t t p t
t t tσ σ σ σ σ σ σ σσ σ σ
ω γ λ ω
ω
−










































i k i i k
t dtt a
p
i t b t t t
σ
σ








∫    
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( ) ( )0 11,2,3,... 1, 1,...   ,r ri r r l t q q += − + ∈  
( 1,2,... ;   =1,2,...n;  k=1,2,...,m)i kt i lσ σ=  kvanZiTi wertilebia 1i iq q L+ ⊂  
rkalze. 
 (2.1.7)  formulaSi L mrudTan axlo wertilisTvis z x iy= +  
viyenebT m. kublaSvilis mier agebul maRali rigis sizustis 





1 ( ) ( )2 ( ; ) 2 ( ; ; ) ,
n
n n k k
v v k
k kL
t a t LiL t i P t z









⋅ ≈ + ⋅
− −






1 ( ) ( ) ( ) ( )( , , ) ( ) ;
2 2 ( )
k k
k
z t t a l t dt z t t a l t dtP p t z p p
i t b t z i t b t z
σ σ σ σ
σ σ
σ σ
τ τ τ τpi pi+ +
− − − −
= + ⋅ + −
− − − −
∫ ∫  





1 ( ) ( )2
n
n n k k
k
k kL
t a t Li P











∑∑∫ .  (2.1.9) 
 magaliTisTvis, LL konturis rolSi miviRoT grafikulad 
formulirebuli mrudi (nax.8), xolo marjvena mxared 
( ) Re( ) Im( )f t t t= +  da gamovTvaloT dirixles amocanis 
miaxloebiTi amoxsna konturis dayofaTa n-is sxvadasxva 














dirixles amocanis amoxsnis blok-sqemas aqvs Semdegi saxe: 
 




































dirixles amocanis miyvana 
singuralur integralur  
gantolebebamde 
singularul integralur 
gantolebaTa miyvana wrfiv  
gantolebaTa sistemamde 
wrfiv gantolebaTa 
 sistemis amoxsna 
lagranJis sainterpolacio 
formulis ageba wrfiv 
gantolebaTa sistemis 
amoxsnis saSualebiT 
dirixles amocanis amoxsnis 
miaxloebiTi mniSvnelobis ageba 
Sesabamisi programis dawera 
 Mathematica 4-Si 
dasasruli 
miRebuli mniSvnelobebis 
gamotana da analizi 
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  programa davwereT Mathematica-Si. aRsaniSnavia, rom, roca saqme 
gvaqvs iseT areebTan, romelSiac konturi mocemulia mxolod 
grafikulad, arsebiTi mniSvneloba aqvs Sefasdes amonaxsnis 
nazrdi,  romelic miiReba konturis miaxloebiTi SecvliT. 
analogiuri sakiTxebi da garkveuli Sedegebi am mimarTulebaSi 
pirvelad miiRo lavrentevma, mogvianebiT sxva avtorebma [14,22]. 
 
n=10            cxrili 16 









1.  0.866977  0.133003  
 
n=50         cxrili 17 
Z  ( , )U x y  ( , )nU x y  ( , ) ( , )n nR U x y U x y= −  
0.005i 155.84648 10−⋅  0.00469624−  0.0046966  
2 0.005ipi +  1.  0.93816  0.061804  
          
       n=100                                                                                                 cxrili 18 
Z  ( , )U x y  ( , )nU x y  ( , ) ( , )n nR U x y U x y= −  
0.005i 155.84648 10−⋅  0.00959009−  0.009004  
2 0.005ipi +  1.  0.95221 0.04779493  
     
    dirixles amocanis zusti amoxsna aRniSnulia ( , )U x y -iT, 
xolo Sesabamisi miaxloebiTi amoxsna _ ( , )nU x y . 
   Cvens SemTxvevaSi aris sazRvari mocemulia arazustad, 
aramed grafikulad (konturis wertilebis koordinatebiT). aseTi 
amocanebis miaxloebiTi amoxsnebis dros kargad Cans 
singularuli integralebis aproqsimaciis efeqturoba, rom 















































   





2− pi  
( , ) 0.866977nU x y =  
2 0 005z .= pi +  
2+ pi  
1 
2− pi  
( , ) 0.93816
n
U x y =
 
2 0 005z .= pi +  






































B$2.2. bzarebis zogierTi brtyeli amocanis 
ricxviTi amoxsna maRali rigis sizustiT 
 
 Mmyari sxeulebis realuri simtkice arsebiTadaa 
damokidebuli masalis realuri struqturis defeqtebze. realur 
masalebSi yovelTvis arsebobs sxvadasxva tipis didi raodenobis 
mikrodefeqtebi, romelTa ganviTareba modebuli datvirTvis 
moqmedebiT, maTi zrdis mimarTulebiT warmoSobs bzarebs, 
romelTa Sedegad sabolood xdeba sxeulis lokaluri an sruli 
rRveva. rogorc gamocdileba aCvenebs, es movlena gansakuTrebiT 
damaxasiaTebelia myife an kvazimyife deformirebadi myari 
sxeulis rRvevisaTvis. 
1 
2− pi  
( , ) 0.95221nU x y =  
2 0 005z .= pi +  






 Kkonstruqciis elementebis da bzarebis mqone nagebobebis 
simtkicis sakiTxebis Seswavla mravali cnobili mkvlevaris 
interess warmoadgens [26]. 
 Mmyari sxeulebis myife rRvevis Teoriis sakiTxebs 
miZRvnili aqvs mravali cnobili mecnieris monografiebi da 
calkeuli statiebi. maTi vrceli CamonaTvali mocemulia 
Sesabamiss literaturaSi [26]. am SromebSi erT-erTi 
umniSvnelovanesi gamokvleva sxeulebSi Zabvebis gadanawilebis 
gaTvaliswinebaa bzarebisa da xvrelebis warmoSobis dros. 
rRvevis meqanikis gansakuTrebul interess warmoadgens 
Zabvisa da gadaadgilebis ganawilebis Seswavla bzaris wveroebis 
maxloblobaSi. rogorc cnobilia, aseTi amocanebi miiyvaneba 




1 ( ) 1 ( , ) ( ) ( ),
ab ab
t dt k t t t dt f t





∫ ∫    (2.2.1) 
sadac L=ab gaxsnili gluvi konturia a da b boloebiT, romelic 
mocemulia parametruli saxiT ( ),( );  a bt t s s s s= ≤ ≤ ( ) f t da 0( , )k t t  
cnobili funqciebia, xolo ( )tϕ  saZebni funqciaa. 
 roca usasrulo firfitaze mocemulia ori Tanabari 
sigrZis bzari, maTi ganlageba da maTze datvirTva akmayofilebs 
simetriis pirobas (nax.12). rogorc cnobilia [26], 0( , )k t t  guls 
aqvs Semdegi saxe: 
0 2 2 2
0
cos( , )  ,( cos ) sin
o
t t dk t t
















sadac β  aris kuTxe bzaris sibrtyesa da wrfes Soris, romelic 
gadis bzaris centrebs Soris.  
im SemTxvevaSi, roca drekad naxevarsibrtyeSi mocemulia L 
sigrZis bzari, romelic sibrtyis sazRvris marTobulia (nax.13) da 
bzaris napirebze ki moqmedebs TviTgawonasworebadi datvirTva, 
xolo usasrulobaSi da naxevarsibrtyis sazRvarze Zabva ar 
moqmedebs, 0( , ) k t t , guls aqvs Semdegi saxe: 
             
2 2
3
6 4 2 4( , )  ( 2)





+ + + − +
=
+ +





                                   
nax. 13 
      
 rogorc cnobilia [21], gantolebis zusti amonaxsnis Cawera 
kvadraturebSi zogadad SeuZlebelia. Aamitom dgeba sakiTxi misi 
miaxloebiTi amoxsnis Sesaxeb. am gantolebis miaxloebiTi 
amoxsnis algoriTmebi moyvanilia mravali cnobili mecnieris 
SromebSi [2]. erT-erT yvelaze gavrcelebul meTods warmoadgens 
akademikos belocerkovskis mier Seqmnili e.w. “diskretul 
gansakuTrebulobaTa meTodi”. Mmiuxedavad imisa, rom am 







. garda amisa, Sefasebebi zust da 
miaxloebiT amonaxsnebs Soris miRebulia mxolod L=ab 
integrebis wiris boloebis ragind mcire midamoSi da ar aris 
cnobili mTel wirze TviT a da b boloebis CaTvliT. meore 
mxriv, am ukanasknels arsebiTi mniSvneloba aqvs zemoT moyvanili 
praqtikuli bzaris amocanebis ricxviT amoxsnebSi. 
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  warmodgenil naSromSi (2.2.1) gantolebas miaxloebiT 
amovxsniT Cvens mier agebuli iseTi algoriTmebiT, romelsac 
gaaCnia sizustis maRali rigi da Sefasebebi zust da miaxloebiT 
amonaxsnebs Soris miiReba Tanabrad mTel L ab≡  wirze, a da b  
boloebis CaTvliT.  
  veZeboT (2.2.1) gantolebis iseTi amonaxsni, romelic 
SemosazRvrulia integrebis wiris erT-erT boloze da 
SemousazRvreli meore boloze. vTqvaT, veZebT amonaxsns, 
romelic SemosazRvrulia a boloze da SemousazRvreli b 
boloze. aseT amonaxsns, rogorc cnobilia [21] aqvs Semdegi saxe: 
0
t-a( ) = ( ),
t-b
t tϕ ϕ  
sadac, ,  k f -ze garkveul daSvebebSi ϕ  funqcia akmayofilebs 
helderis pirobas ( ).H Lϕ ∈  
 (2.2.1) gantoleba ganvixiloT rogorc operatoruli 
gantoleba garkveul funqciur sivrceSi. amisaTvis CavweroT 
Semdegi saxiT: 
             





1 ( )( ;t ) = ,
i
ab
t a t dtS







∫    (2.2.5) 
0 0
1( ; ) =  ( , ) ( ) .
i
ab






∫    (2.2.6) 
 woniani singularuli integralisaTvis avagoT Sesabamisi 
maaproqsimirebeli gamosaxuleba. 
 vTqvaT, n nebismieri naturaluri ricxvia, [a,b] Sualedi 
davyoT n tol nawilad wertilebiT 




= + − . 
Semdeg mocemuli fiqsirebuli m natural;uri ricxvisTvis 
yoveli [ ]1,S Sσ σ +  segmenti davyoT nawilebad wertilebiT: 
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 =S   ,  1,2,...k k




+ ⋅ = = 
 
, 
sadac  { } 1mk kx =   aris [0,1] Sualedidan aRebuli mocemuli 
wertilTa sistema. SemdegSi garkveulobisaTvis vigulisxmoT, 
rom, 1 2 3, , ... mx x x x  ricxvebi danomrilia zrdis mixedviT. 
SemoviRoT aRniSvna:  
( ),    ( )   ( 1,2... ;  1,2... )k kt s t t s n k mσ σ σ στ σ= = = =  
 vigulisxmoT, rom ,σ ν  nebismieria 1,2,...n ricxvTagan da 0t  
wertili gansxvavdeba ktσ  kvanZebisgan da singularuli 
integrali 
(1/2; 1/2)





1 ( ; , )( ; )






t a t t dtS t
i t b t t













      (2.2.7) 
sadac  
0 0 1 0 1( ; , ) ( ; , ),    ,    
1,2,... ;    1,2,... ,
n vt t t t t t
n n
σν σ σ νφ ϕ ψ ϕ τ τ τ τ
σ ν










t t t t
t t t l t t l t L t
t t t tσν σ σ σ νσ σ
ψ ϕ ϕ ϕ ϕ
= =
− −
= + ⋅ + ⋅
− −
















































1,    , 1,2,3,..., .o v vt v nτ τ σ+∈ =  
(2.2.7) gamosaxulebis marjvena mxare cxadi saxiT warmoidgineba: 
(1/2; 1/2) 1 ( ) ,k k
ab
t aP l t dt







( 1,2,..., ;    k=1,2,...,m).nσ =  
(2.2.4) gantolebaSi regularuli integrali ( , )oH tϕ  SevcvaloT 




( ; ) ( ; ) ( , ) ( )
n m
n k k k
k




≈ =∑∑   (2.2.8) 
da (2.2.4) gantolebasTan erTad 0[ ; ]n nL tϕ funqciaTa qvesivrceSi 
ganvixiloT gantoleba 
(1/2; 1/2)
0 0 0[ [ ; ]] [ ( ; )] [ ( ; )].n n n n n n n n nU L t L S t L H tϕ ϕ ϕ−= +              (2.2.9) 
Tu am gantolebaSi 0t  parametrs mivcemT mniSvnelobebs 
{ }
,
( ; ) ,   ( 1,2,... ;   j=1,2,...m)v jT v j t v n= =  simravlidan, miviRebT wrfiv 
gantolebaTa sistemas  { }jvt ,   wertilebSi ,( )n v jtϕ  
( 1,2,... ;   j=1,2,...m)v n=   ucnobebis mimarT. (ix. gv. 69)  
vityviT, rom 
( ) ( ),rH Lαϕ ∈  Tu ϕ  funqcia uwyvetia mocemul L 
(gluv) konturze Tavis warmoebulebTan erTad r rigamde CaTvliT, 
amasTan r-uri  rigis warmoebuli 
( )
,     (0< 1)r Hϕ α α∈ ≤   
maCvenebliT.  roca 
(0)0,   ( )  (1 / 2 1)r H Lα α= < ≤ -is nacvlad 
CavwerT ( )H Lα . 
 SevniSnoT, rom ([21], $18-22) Tu ),12/1(  )( ≤<∈ αϕ α LH   
maSin  
(1/2; 1/2)
0( , ) .nS t Hϕ− ∈  
 CavTvaloT, rom (2.2.1) gantolebaSi 0( ; )k t t  da )( 0tf  
funqciebi ekuTvnis 
( ) ( )
r
H Lα  klass. marTebulia Semdegi  





=  tipis 
erTaderTi amonaxsni, maSin garkveuli 0n n= -dan dawyebuli (2.2.9) 
gantoleba (Sesabamisi sistema) calsaxad amoxsnadia da Tu 
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0[ ; ]n nL tϕ aris (2.2.9) gantolebis amonaxsni, maSin ϕ -s mimarT zemoT 
miRebul daSvebebSi adgili aqvs Sefasebas: 
1/2






− ≤   (2.2.10) 
sadac ϕ  aris (2.2.1) gantolebis amonaxsni, 
r
C - raime mudmiva, n-
dayofaTa raodenoba, r - rigi, α  da β - helderis maCveneblebi. 
 Aam Sefasebidan Cans, rom is mravalmxriv aumjobesebs ak. 
belocerkovskis Sedegs. kerZod: (2.2.10) formulidan Cans, rom 
miaxloebiTi sqema aris maRali rigis, roca funqcias aqvs r-rigis 
uwyveti warmoebuli, maSin sqemis krebadobis rigic igivea, maSin 
roca ak. belocerkovskis sqemiT ar miiReba Tanabari Sefasebebi, 






. rogorc vxedavT (2.2.10)-Si Sefasebebi miRebulia H β  




( ) ( )











Tanabar Sefasebaze ufro Zlieria. 
programa davwereT `Mathematica ~-Si. qvemoT moyvanilia (2.2.2) 
gantolebis amoxsnis cxrilebi. 
0( , ) 1,  f=2;  n=10k t t =  
 cxrili 19  integraluri gantolebis zusti amonaxsnia ( ) 1tϕ =  
00ϕ  0.9843 21ϕ  0.9955 42ϕ  0.99942 63ϕ  0.99695 
01ϕ  0.9864 22ϕ  0.99734 43ϕ  0.99891 70ϕ  0.99695 
02ϕ  0.9881 23ϕ  0.99769 50ϕ  0.99891 71ϕ  0.99856 
03ϕ  0.9895 30ϕ  0.99769 51ϕ  0.99077 72ϕ  0.99879 
10ϕ  0.9895 31ϕ  0.99802 52ϕ  0.99184 73ϕ  0.99899 
11ϕ  0.9935 32ϕ  0.99830 53ϕ  0.99277 80ϕ  0.99899 
12ϕ  0.9943 33ϕ  0.99919 60ϕ  0.99277 81ϕ  0.99963 
13ϕ  0.99496 40ϕ  0.99919 61ϕ  0.99606 82ϕ  0.99860 
20ϕ  0.99496 41ϕ  0.99931 62ϕ  0.99653 83ϕ  1.10160 
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2 2
0 0 0( , ) ( 4cos / 3) / (( 4cos ) 16sin ),  2,  n=103 3k t t t t t t f
pi pi
pi= + + + + + =  
  cxrili 20     integraluri gantolebis zusti amonaxsnia ( ) 2tϕ =  
00ϕ  2,03931 21ϕ  1,95791 42ϕ  1,86391 63ϕ  1,93347 
01ϕ  2,03231 22ϕ  1,92563 43ϕ  1,85699 70ϕ  1,93347 
02ϕ  2,0469 23ϕ  1,91797 50ϕ  1,85699 71ϕ  1,89614 
03ϕ  2,01678 30ϕ  1,91797 51ϕ  2,00858 72ϕ  1,88928 
10ϕ  2,01678 31ϕ  1,91049 52ϕ  2,00021 73ϕ  1,88826 
11ϕ  1,98325 32ϕ  1,90321 53ϕ  1,99175 80ϕ  1,88826 
12ϕ  1,9474 33ϕ  1,87622 60ϕ  1,99175 81ϕ  1,85258 
13ϕ  1,96663 40ϕ  1,87622 61ϕ  1,94963 82ϕ  1,84524 
20ϕ  1,96663 41ϕ  1,86991 62ϕ  1,941481 83ϕ  1,87185 
 
rogorc cnobilia Zabvebi gaxsnili wiris SemTxvevaSi 
gamoisaxeba Semdegi funqciebiT: 
l l2 2
2 2 2 2
l l
1 l t p(t)dt 1 q(t)dt R(z) ,




−φ = + + 
− pi −pi − − 
∫ ∫  (2.2.11)  
l l2 2
2 2 2 2
l l
1 l t p(t)dt 1 q(t)dt R(z) .




−Ω = + − + 
− pi −pi − − 
∫ ∫ (2.2.12)  
1 1(z )φ  da 1 1(z )Ω  potencialebi, romlebic Seesabameba axal 
koordinatTa sistemaSi (z)φ  da (z)Ω  funqciebs XOY sistemaSi 
ganisazRvreba formulebiT: 
1 1 1(z ) ( z l)φ = φ ± ±      (2.2.13) 
1 1 1(z ) ( z l)Ω = Ω ± ±     (2.2.14) 
bzaris mcire midamoSi, e. i. 1z l<<  adgili aqvs 1 1(z )φ  da 
1 1(z )Ω  funqciebis Semdeg warmodgenebs 




k ik(z ) 0(I)
2 2z
± ±






k ik(z ) 0(I)
2 2z
± ±
−Ω = +                   (2.2.16) 











− = − ± ℵ+pi  
∫ ∫
m
  (2.2.17) 
 
l-bzaris sigrZea, p(t), q(t)-bzaris wiris gaswvriv datvirTva, xolo 
ℵ-masalis maxasiaTebelia. aq da SemdegSi   1k
±
  da 2k
±
 namdvili 
sidideebia. ~+~ niSani ekuTvnis bzaris marjvena wveros (z=l), 





uwodeben daZabulobis intensivobis koeficientebs. zogierT 
SromebSi miRebulia Zabvis intensivobis koeficientebi uwodon 
pi -jer met sidideebs, e.i. 1 1 2 2k k , k k
± ± ± ±
= pi = pi . isini 
ganisazRvreba drekadobis Teoriis amocanebis amoxsnis Zabvis 
funqciebiTa da parametrebiT, romelic axasiaTebs sxeulis 
konfiguraciasa da bzaris formas. 





 intensivobis koeficientebi gamoiTvleba (2.2.13) formuliT. 
Zabvis intensivobis koeficientebi SegviZlia ganvixiloT rogorc 
parametrebi, romlebic asaxavs sxeulSi bzarebis warmoqmnis gamo 
Zabvebis gadanawilebas. amitom, bzaris wveros midamoSi Zabvis 
ganawileba cnobili iqneba, Tu gansazRvruli iqneba Zabvis 





 intensivobis koeficientebis gansazRvras. 
  bzarebis tipis defeqtebis mqone myife sxeulebis zRvrul-
wonasworuli mdgomareobis gamokvlevis dros moiTxoveba 
ganisazRvros gare datvirTvis kritikuli mniSvneloba, romlis 
miRwevis dros bzarebi iwyebs gavrcelebas, e. i. iwyeba sxeulis 
lokaluri an sruli rRveva. am amocanis amoxsnis dros 
principuli momentia zRvruli wonasworobis formulireba. am 
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pirobis umartivesi varianti Camoayaliba irvinma. normaluri 
ganviTarebis bzaris SemTxvevaSi mis mier gamoTqmuli iyo 
mtkiceba imis Sesaxeb, rom myife an kvazimyife sxeulebSi bzaris 
gavrceleba iwyeba maSin, roca mocemuli masalisaTvis, mocemul 
pirobebSi Zabvis intensivobis koeficienti bzaris wverosTan 
aRwevs raime mudmiv mniSvnelobas: 
1 1ck k /= pi    (2.2.18) 
1ck   mudmivi, romelic axasiaTebs masalis rRvevis 
winaaRmdegobas unda ganisazRvros eqsperimentulad.   
 zogad SemTxvevaSi, sxeulis zRvruli wonasworobis 
sakiTxis ganxilvisas, roca lokaluri simetriis piroba ar 
sruldeba, aucilebelia CamovayaliboT damatebiTi piroba. aseT 
pirobad gamoiyeneba hipoTeza imis Sesaxeb, rom bzaris sawyisi 
mimarTuleba emTxveva sibrtyes, romelSic gamWimavi Zabvis 
mTavari nawili aRwevs maqsimalur mniSvnelobas. hipoTeza 
ganxilulia [27,30] SromebSi. am hipoTezis safuZvelze bzaris 







θ =      (2.2.19) 
zRvruli wonasworobis gantolebas eqneba saxe: 
2 * * 1c
1 2
k





.    (2.2.20) 
aqedan gamoiTvleba gare datvirTvis kritikuli mniSvneloba, 
romlis drosac iwyeba sxeulis lokaluri rRveva. 
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Tavi III 
aerodinamikis amocanebis ricxviTi amoxsnebi 
$3.1. amocanis dasma zogadad 
 
G   ganixileba nebismieri formis frTis (sxeulis) stacionaruli 
da arastacionaruli garsSemodena, romelic moZraobs idealur 
arakumSvad garemoSi saSualo winsvliTi U0 siCqariT (nax. 14) 
 
 
 nax. 14 
misi ρ ρ
∞
=  simkvrive sxeulis garsSemodenis dros ar icvleba. 
A aerodinamikis amocanebSi sxeulis forma da moZraobis 
kanoni iTvleba cnobilad, roca sxeuli drekadia, maSin iTvleba, 
rom sxeulis deformaciis kanonic cnobilia. amasTan, bunebrivia 
cnobilad iTvleba pirobebi, romelSic sxeuls uxdeba moZraoba 
(gafrena). Cveulebriv, es aris usasrulo garemo, romelic 
SeSfoTebulia mxolod sxeuliT. 
 erTi mxriv, SeiZleba ganxiluli iqnes sxeulis moZraoba 
SeSfoTebul garemoSi (qaris moqmedebebi, dineba). Aam SemTxvevaSi 
sxeulis garemos SeSfoTebaSi ucnobi iqneba 
{ }( , , , ) , ,x y zV x y z t V V V=  siCqare da wneva ( , , , ).p x y z t  oTxi ucnobi 
, ,x y zV V V  da p funqciis gansazRvrisaTvis gveqneba eileris sami 
gantoleba da uwyvetobis gantoleba [5]. 
erT-erTi mniSvnelovani sakiTxia sxeulis zedapirze 
sasazRvro pirobebi. aseTia, magaliTad, piroba, romelic 
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gansazRvravs sxeulis zedapirze siCqares. idealuri siTxisaTvis 
sasazRvro piroba miiyvaneba moTxovnaze, rom sxeulis zedapirze 
ar moxdes gamWoli nakadis gandineba. is formirdeba rogorc 
piroba, romlis drosac garemos fardobiTi normaluri 
Semadgeneli siCqare sxeulis zedapirze xdeba nulis toli. 
0,    ( , , ) 0,fard mV n M x y z= =  
sadac mn -sxeulis σ  zedapiris normalis ortia gansaxilvel 
( , , )M x y z  wertilSi. 
zogadi amocanebis dasmis Semdegi gamartiveba 
dakavSirebulia cnobil fundamentalur gamocdil faqtTan. 
sxeulis garsdenis dros mis irgvliv warmoiqmneba 
aerodinamikuli kvali, romelic xasiaTdeba imiT, rom masze 
daikvirveba grigaluri moZraoba, e.i. iseTi moZraoba siTxis 
nawilakebis, romlis drosac isini ara marto moZraobs da 
deformirdeba, aramed aseve brunavs. Aam aris gareT dena araa 
grigaliseburi. maSin, sxeulis gareT da mis kvaldakval dineba, 
romelic SeSfoTebulia sxeuliT, SeiZleba davaxasiaToT ara 
sami ,x yV V  da zV  ucnobi funqciebis saSualebiT, aramed erTi   
( , , , )x y z tφ  velis siCqaris potencialiT, amasTan  
i j k V
x y z




,   V ,   V .x y zV
x y z




am SemTxvevaSi uwyvetobis gantoleba gadadis laplasis 
gantolebaSi 
2 2 2
12 2 2 0,   M
x y z
φ φ φφ σ σ∂ ∂ ∂∇ = + + = ∉ ∪
∂ ∂ ∂
 
sadac 1σ  aris moZravi sxeulis kvali. 
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 fizikurad radganac cxadia, rom σ  sxeulidan 1σ  kvalamde 
siCqaris SeSfoTeba unda Caqres, e.i saZiebeli ( , , , )x y z tφ  
amonaxsnisaTvis unda Sesruldes piroba. 
2 2 2lim 0      
r
r x y zφ
→∞
= = + + , 
im ( , , )M x y z  wertilisaTvis, romelic usasrulodaa dacilebuli 
σ  sxeulidan da 1σ - misi kvalidan. 
    zemoT moyvanil pirobebSi eileris moZraobis gantolebebi 
SeiZleba gavaintegroT da moviyvanoT p wnevis da φ  potencialis 










+ − + =
∂
 
sadac farV -fardobiTi, xolo V
∗  siTxis nawilebis gadataniTi 
siCqarea, ρ  siTxis simkvrivea. ρ
∞
_usasrulobaSi wneva, romelic 
iTvleba, rom cnobilia. Aamgvarad, ucnobi ( , , , )p x y z t  funqcia 
aseve SeiZleba gamoiricxos amocanis zogadi dasmidan. 
    amocanis zogadi dasmidan unda aRiniSnos erTi mniSvnelovani 
gansakuTrebuloba, rodesac vixilavT sxeulis grigalur kvals, 
aucilebelia gaviTvaliswinoT aerodinamikis is zogadi 
Teoremebi, romlebic jer-jerobiT ar figurirebs amocanis 
pirobebSi. isini gamomdinareobs siCqaris velidan  da im 
gantolebebidan, romelsac es veli unda akmayofilebdes. Eesenia: 
 dadgenili moZraobisaTvis grigalebi mimarTulia denis 
wirebis gaswvriv; 
 daudgeneli moZraobebisaTvis Tavisfali grigalebi moZraobs 
maTTan erTad, siTxis nawilakebis traeqtoriebze; 
 siCqaris cirkulacia nebismier Caketil konturze, romelic 
ar kveTs sxeuls da mis kvals anu erTi da igive siTxis 
nawilebisagan Semadgeneli droSi ar icvleba. 
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 mikavSirebuli grigalis cirkulaciis cvlilebas Tan axlavs 
Tavisufali grigalis gaqroba, amasTan, unda sruldebodes 
wina punqtis moTxovna. 
 radganac grigaluri kvals ar miaqvs, amitom maTze 
gadasvlisas daculi unda iqnes wnevisa da normaluri 
Semadgeneli siCqaris uwyvetoba.  
1,   ,    ( , , )
nm nm
p p M x y z σν ν
+ −+ −
− −
= = ∈  
(+) da (-) indeqsi Seesabameba 1σ  zedapiris sxvadasxva mxares. 
    Jukovis Teoriis Tanaxmad Tavisufali grigalis fardobiTi 
siCqare nulis tolia, e.i. isini moZraobs siTxis nawilakebTan 
erTad. 
    amocanis fizikuri Sinaarsidan gamomdinare, amocanis dasmaSi 
erT-erTi mniSvnelovani etapia garsdenis sqemis SerCeva. maT 
Soris mniSvnelovania Semdegi: 
a) aracirkulaciuri garsdena-roca grigaluris kvals 
ugulebelhyofen, Cveulebriv gamoiyeneba Zlierad gaWimuli, 
mierTebuli masebisa da sxeulis adgilze rxevis analizisaTvis. 
b) grigals mowyvetili cirkulaciuri garsdena, romelic 
akmayofilebs yvela fizikur cxad pirobas, maT Soris, siCqaris 
da wnevis sasrulobis moTxovna mTel sivrceze. aRniSnuli 
arsebiT gavlenas axdens garsdenis sqemis SerCevaze. MmagaliTad, 
rodesac Seiswavleba Txeli frTis garsdena maxvili nawiburiT, 
gvixdeba daSveba nakveTuri Tavisufali grigalisa. mTel 
nawiburTan da mTel nawiburze wamovayenoT Capligin-Jukovskis 
piroba siCqaris sasrulobis Sesaxeb. winaaRmdeg SemTxvevaSi 
maTze siCqare miaRwevs usasrulod did mniSvnelobebs. 
SevniSnoT, rom Cveulebriv frTis mudmivi siCqariT moZraobis 
drosac ki miiReba pulsirebuli (arastacionaluri) garsdenis 
reJimi. 
g) sxeulis cirkulaciuri garsdenis gamartivebuli sqema, isini, 
romlebSic zogierTi pirobebi ixsneba. Uufro gavrcelebuli 
sqemebia isini, romlebSic ar moiTxoveba siCqareebisa da wnevebis 
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sasruloba Txeli frTis wina da gverdiT nawiburze da aseve 
sxeulis Txel zedapirze. amis Semdeg SeiZleba amocana amoixsnas 
rogorc stacionaruli, amasTan Tavisufali grigalebi 
warmoiSoba mxolod frTis ukana nawiburebze. 
  
A$3.2. aerodinamikis zogierTi amocanis ricxviTi 
amoxsna 
 
  ganvixiloT nebismieri formis frTis (sxeulis) garsdena, 
romelic moZraobs idealur arablant arakumSvad (mudmivi 
simkvrivis mqone) garemoSi. igulisxmeba, rom sxeulis forma da 
moZraobis kanoni cnobilia. Tu sxeuli aris mkvrivi, maSin aseve, 
igulisxmeba, rom mocemulia sxeulis deformaciis kanoni. Ggarda 
amisa, cnobilad iTvleba pirobebi, romelSic xdeba sxeulis 
moZraoba (frena). sazogadod, es aris SemousazRvravi garemo, 
romelic SeSfoTebulia mxolod sxeuliT, magram SeiZleba 
ganxiluli iqnes sxeulis moZraobebi SeSfoTebul garemoSi 
(qaris, dinebis, turbolenturobis zemoqmedebebi). rogorc 
cnobilia, aseTi amocanebi miiyvaneba Semdegi saxis pirveli 
gvaris singularul integralur gantolebebze [19]: 
         0 0
0
1 ( ) 1 ( , ) ( ) ( ),
ab ab
t dt k t t t dt f t





∫ ∫    (3.2.1) 
sadac L=ab gaxsnili gluvi konturia a da b boloebiT, romelic 
mocemulia parametruli saxiT ( ),  ( );  a bt t s s s s= ≤ ≤ ( ) f t mfrinavi 
sxeulis siCqarea,  0( , )k t t - guli, cnobili funqcia, romelsac 
aqvs sxvadasxva saxe, imis mixedviT, Tu rogori tipis garsdenas 
vixilavT (cirkulaciuri, aracirkulaciuri da a.S), ( ) tϕ - saZebni 
funqcia, romliTac ganisazRvreba mfrinavi sxeulis zedapirze 
intensivobis sidide.  
  rogorc cnobilia [21], gantolebis zusti amonaxsnis Cawera 
kvadraturebSi zogadad SeuZlebelia. Aamitom dgeba sakiTxi misi 
miaxloebiTi amoxsnis Sesaxeb.  
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  ganvixiloT garsdenis cirkulaciuri amocana. rogorc 
cnobilia [19], aseT SemTxvevaSi unda veZeboT (3.2.1) gantolebis 
iseTi amonaxsni, romelic SemosazRvrulia integrebis wiris erT-
erT boloze da SemousazRvravia meore boloze. vTqvaT, veZebT 
amonaxsns, romelic SemosazRvrulia a boloze da 
SemousazRvravia  b boloze. aseT amonaxsns, rogorc cnobilia 
[21] aqvs Semdegi saxe: 
0
t-a( ) = ( ),
t-b
t tϕ ϕ  
sadac, ,  k f -ze garkveul daSvebebSi ϕ  funqcia akmayofilebs 
helderis pirobas ( ).H Lϕ ∈  
 (3.2.1) gantoleba ganvixiloT rogorc operatoruli 
gantoleba garkveul funqciur sivrceSi. amisaTvis CavweroT 
Semdegi saxiT: 





1 ( )( ;t ) = ,
i
ab
t a t dtS







∫    (3.2.3) 
0 0
1( ; ) =  ( , ) ( ) .
i
ab






∫    (3.2.4) 
 woniani singularuli integralisaTvis avagoT Sesabamisi 
maaproqsimirebeli gamosaxuleba. 
 vTqvaT, $2.2-Si moyvanili msjelobis msgavsad n nebismieri 
naturaluri ricxvia, [a,b] Sualedi davyoT n tol nawilad 
wertilebiT 




= + − . 
Semdeg mocemuli fiqsirebuli m natural;uri ricxvisTvis 
yoveli [ ]1,S Sσ σ +  segmenti davyoT nawilebad wertilebiT: 
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 =S   ,  1,2,...k k




+ ⋅ = = 
 
, 
sadac  { } 1mk kx =   aris [0,1] Sualedidan aRebuli mocemuli 
wertilTa sistema. SemdegSi garkveulobisaTvis vigulisxmoT, 
rom, 1 2 3, , ... mx x x x  ricxvebi danomrilia zrdis mixedviT. 
SemoviRoT aRniSvna:  
( ),    ( )   ( 1,2... ;  1,2... )k kt s t t s n k mσ σ σ στ σ= = = =  
vigulisxmoT, rom ,σ ν  nebismieria 1,2,...n ricxvTagan da 0t  








t t t t
t t t l t t l t L t
t t t tσν σ σ σ νσ σ
ψ ϕ ϕ ϕ ϕ
= =
− −
= + ⋅ + ⋅
− −
∑ ∑  (3.2.5) 





























.1,    ;1,0 −=−= moknσ  
xolo , Lϕ -ze mocemuli helderis klasis funqciaa ( )Hϕ ∈ .  
avRniSnoT exla  





















0 1,   , 1,2,3...t nν ντ τ σ ν+∈ =  
( ) ( )
0 1
1 0( ; , lim ; , )
k
n k nt t





Nnebismieri 1k -saTvis ( )11 k m≤ ≤ . 
singularuli     integrali       
(1/2; 1/2)
0( ; )S tϕ−     SevcvaloT  
(1/2; 1/2)






1 ( ; , )( ; )






t a t t dtS t
i t b t t













        (3.2.7) 
sadac  
0 0 1 0 1( ; , ) ( ; , ),    ,    
1,2,... ;    1,2,... ,
n vt t t t t t
n n
σν σ σ νφ ϕ ψ ϕ τ τ τ τ
σ ν
+ += ∈ ∈
= =
 










romelic advilad mtkicdeba koSis Teoremisa da plemeli-
soxockis formulebis gamoyenebiT [21]). 
(3.2.2) gamosaxulebis marjvena mxare cxadi saxiT warmoidgineba: 
(1/2; 1/2) 1 ( ) ,k k
ab
t aP l t dt





∫  (3.2.8) 
                                  ( 1,2,..., ;    k=1,2,...,m).nσ =  
ricxvebiT da ϕ  funqciis mniSvnelobebiT ktσ  kvanZebSi. 
rogorc zemoT moyvanili msjelobebidan Cans, (3.2.3) 
integrals azri aqvs, roca 0t c→  (c – aris a da b), Tu ϕ  
akmayofilebs ab wirze (a da b boloebis CaTvliT) helderis 
pirobas ½1/2-ze meti maCvenebliT. rogorc irkveva, es garemoeba 
arsebiTia im singularuli integraluri gantolebebis ricxviTi 
amoxsnebisaTvis, romlebic (3.2.3) tipis integralebs Seicavs. 
aqedan gamomdinare, gansaxilveli integrali 0 ,t a b=  wertilebSi 
ganvmartoT rogorc Sesabamisi zRvruli mniSvnelobebi, Cven 
miviRebT Sefasebebs, romlebic samarTliani iqneba nebismieri 
0t ab∈ , TviT a da b boloebis CaTvliT. Ees ukanaskneli garemoeba 
efeqturad gamoiyeneba Sesabamisi singularuli integraluri 
gantolebebis ricxviTi amoxsnebisaTvis. 
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nebismieri 
( )( )   (1/2< 1,   r m)rH Lαϕ α∈ ≤ ≤ -sTvis SegviZlia 
vaCvenoT, rom samarTliania Sefaseba  
(1/2; 1/2) (1/2; 1/2)
0 0 1/2
ln( , ) ( , ) ,   (n>1),mn r




− ≤       (3.2.9) 
sadac mC  mudmivi damokidebulia mxolod L ab≡  konturze, 
{ } 1mk kx =  kvanZebze da ( )rϕ  funqciis helderis maCvenebelze. 
 regularuli integrali 0( ; )H tϕ  SevcvaloT Cveulebrivi 




( ; ) ( ; ) ( , ) ( )
n m
n k k k
k




≈ =∑∑     (3.2.10) 
da (3.2.2) gantolebasTan erTad [ ];n n oL tϕ  funqciaTa qvesivrceSi 
ganvixiloT gantoleba 
[ ] [ ](1/2; 1/2)0 0 0; ( ; ) ( ; )n n n n n n n n nU L t L S t L H tϕ ϕ ϕ−   = +        (3.2.11) 
Tu am gantolebaSi 0t  parametrs mivcemT mniSvnelobebs 
{ }
,
( ; )   (v=1,2,...,n;  j=1,2,...,m)v jT v j t=  simravlidan, miviRebT wrfiv 
gantolebaTa sistemas { }
,v jt  wertilebSi ,( )n v jtϕ -ucnobebis mimarT. 




H Lα -klass. mtkicdeba, rom roca zust (3.2.2) 
gantolebas aqvs erTaderTi amonaxsni, maSin garkveuli 0n n=  -dan  
dawyebuli (3.2.11) miaxloebiT gantolebasac aqvs erTaderTi 
amonaxsni da zust da miaxloebiT amonaxsnebs Soris adgili aqvs 
me-2 TavSi miRebul (2.2.10) Sefasebas. 
 Cven CavatareT ricxviTi eqsperimenti Txeli profilis 






1 1( ) ( ),
2 ( ) 4
t t
t dt V t









− − + 
∫       (3.2.12) 
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sadac 0( )V t∗  moZravi nakadis siCqarea. algoriTmis 
realizaciisaTvis SevadgineT programa Mathematica simbolur 
enaze. 
 qvemoT (cxr. 21, 22, 23)-Si moyvanilia ( )xϕ -is gamoTvlis 
mniSvnelobebi Semdegi monacemebiT: 
 
    cxrili 21   n=3; m=2; 2V ∗ =  (zusti amonaxsnia 2ϕ = ) 
vjt  -1 -0,333 0,333 1 
( )vjtϕ  2,02 2,00 2,00 1,99 
 
  cxrili 22   n=3; m=4; 1H =       2V ∗ =   
vjt  -1 -0.78 -0.56 -0.33 -0.11 -0.11 0.33 0.56 0.78 1 
( )vjtϕ  2.02 2.02 2.01 2.01 2.01 2.00 2.00 1.99 1.99 1.99 
 
   cxrili 23   n=5; m=2; 1H =       2V ∗ =   
vjt  -1 -0.6 -0.2 0.2 0.6 1 
( )vjtϕ  2.02 2.01 2.01 2.00 2.00 1.99 
rogorc am cxrilebidan Cans, Cvens mier agebuli algoriTmi 












ZiriTadi Sedegebi da daskvnebi 
 
1. Seswavlilia fuZis da saZirkvlis erToblivi deformaciebis 
gansazRvris sxvadasxva meTodi; 
2. warmodgenilia fuZis dajdomis gansazRvra Sreobrivi 
(kompiuteruli programuli uzrunvelyofiT) Sejamebis, 
SezRuduli sisqis drekadi fenis, ekvivalenturi Sris da 
mimdevrobiTi miaxloebis meTodiT; 
3. SemTxveviTi Zebnis meTodiT damuSavebulia da Sesabamisi 
kompiuteruli programiT uzrunvelyofilia optimaluri 
parametris moZebnis algoriTmi; 
4. singularuli integraluri gantolebebis gamoyenebiT 
agebulia da  kompiuteruli programiT uzrunvelyofilia 
maRali rigis sizustis ricxviTi amoxsnis algoriTmebi:  
a) samSeneblo meqanikis zogierTi amocanisaTvis; 
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fuZis da saZirkvlis parametrebis gansazRvra  
SemTxveviTi Zebnis meTodiT (FUDZE) 
 
 
│' fudzis angariSi Semtxveviti metodit                                          
│CLS 
│DIM X(2), G(7), XM(2)                                                          
│DIM AL(17), AL1(17), AL2(17), AL3(17), AL4(17), SI(17), SS(3)                  
│OPEN "SIGMA23.BAS" FOR INPUT AS #1                                             
│FOR I = 1 TO 17                                                                
│INPUT #1, AL1(I), AL2(I), AL3(I), AL4(I)                                       
│NEXT I                                                                         
│CLOSE #1                                                                       
│OPEN "SIGMABB.BAS" FOR APPEND AS #2                                            
│INPUT " gruntis kutri zona-G1)"; G1                                            
│INPUT " fudzis siganis qveda zgvari-B1"; BQ                                    
│INPUT " fudzis siganis zeda zgvari-B2"; BZ                                     
│INPUT " chagmavebis qveda zgvari-D1"; DQ                                       
│INPUT " chagmavebis zeda  zgvari-D2"; DZ                                       
│INPUT " fudzis sigrze-L"; LL                                                   
│INPUT "Seitanet gare zemoqmedebis sidide"; NN                                  
│=================================                                             
│AA(1) = BQ                                                                     
│BB(1) = BZ                                                                     
│AA(2) = DQ                                                                     
│BB(2) = DZ                                                                     
│N = 2                                                                          
│M = 4                                                                          
│S = 1000                                                                       
│TT = 0                                                                        
│HH = 0                                                                        
│RMIN = 1E+35                                                                   
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│FOR J = 1 TO S    
│FOR I = 1 TO N                                                                 
│X(I) = AA(I) + (BB(I) - AA(I)) * RND                                           
│NEXT I                                                                         
│G(1) = BQ + X(1)                                                               
│G(2) = BZ - X(1)                                                               
│G(3) = DQ + X(2)                                                               
│G(4) = DZ - X(2)                                                               
│L = 0                                                                        
│FOR K = 1 TO M                                                                 
│IF G(K) >= 0 THEN                                                            
│L = L + 1                                                                   
│ELSE                                                                         
│END IF                                                                       
│NEXT K                                                                         
│IF L = M THEN                                                                 
│==================                                                            
│ETA = LL / X(1)                                                                
│IF ETA = 1 THEN GOTO 1                                                         
│IF ETA = 1.4 THEN GOTO 2                                                       
│IF ETA = 1.8 THEN GOTO 3                                                       
│IF ETA = 2.4 THEN GOTO 4                                                       
│IF ETA > 1 AND ETA < 1.4 THEN GOTO 5                                        
   IF ETA > 1.4 AND ETA < 1.8 THEN GOTO 6                                      
│IF ETA > 1.8 AND ETA < 2.4 THEN GOTO 7                                      
│1 : FOR I = 1 TO 17                                                            
│AL(I) = AL1(I) 
│NEXT I                                                                         
│GOTO 10                                                                        
│2 : FOR I = 1 TO 17                                                            
│AL(I) = AL2(I)                                                                 
│NEXT I                                                                         
│GOTO 10                                                                        
│3 : FOR I = 1 TO 17                                                            
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│AL(I) = AL3(I)                                                                 
│NEXT I                                                                         
│4 : FOR I = 1 TO 17                                                            
│AL(I) = AL4(I)                                                                 
│NEXT I                                                                         
│GOTO 10                                                                        
│5 : FOR I = 1 TO 17                                                           
│AL(I) = AL1(I) + (AL2(I) - AL1(I)) / (1.4 - 1) * (ABS(ETA - 1))                
│NEXT I                                                                         
│GOTO 10                                                                        
│6 : FOR I = 1 TO 17                                                            
│AL(I) = AL2(I) + (AL3(I) - AL2(I)) / (1.8 - 1.4) * (ABS(ETA - 1.4))            
│NEXT I                                                                         
│GOTO 10                                                                        
│7 : FOR I = 1 TO 17                                                            
│AL(I) = AL3(I) + (AL4(I) - AL3(I)) / (2.4 - 1.8) * (ABS(ETA - 1.8))            
│NEXT I                                                                         
│GOTO 10                                                                        
│10 : SIG0 = G1 * X(2)                                                          
│AB = X(1) * LL                                                                 
│P = NN / AB                                                                    
│P1 = P - SIG0                                                                  
│FOR I = 1 TO 17                                                                
│SI(I) = AL(I) * P1                                                             
│NEXT I                                                                        
│PRINT                                                                          
│PRINT "G1="; G1, "LL="; LL, "NN="; NN, "ETA="; ETA  
   H1 = .4                                                                                                                                                                               
│E1 = 18000                                                                     
│K = 1                                                                          
│S = 0                                                                          
│FOR I = 1 TO 5                                                                 
│S = S + (SI(K) + SI(K + 1)) / 2                                                
│K = K + 1                                                                      
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│NEXT I                                                                         
│SS(1) = S * .8 * H1 / E1                                                       
│PRINT                                                                          
│PRINT "SS(1)="; SS(1)                                                          
│H2 = .4                                                                        
│E2 = 17000                                                                     
│S = 0                                                                          
│FOR I = 1 TO 6 
│S = S + (SI(K) + SI(K + 1)) / 2                                                
│K = K + 1                                                                      
│NEXT I                                                                         
│SS(2) = S * .8 * H2 / E2                                                       
│PRINT "SS(2)="; SS(2)                                                          
│H3 = .4                                                                        
│E3 = 30000                                                                     
│S = 0                                                                          
│FOR I = 1 TO 5                                                                 
│S = S + (SI(K) + SI(K + 1)) / 2                                                
│K = K + 1                                                                      
│NEXT I                                                                         
│SS(3) = S * .8 * H3 / E3                                                       
│PRINT "SS(3)="; SS(3)                                                          
│SUM = SS(1) + SS(2) + SS(3)                                                    
│PRINT                                                                          
│PRINT "SUM="; SUM                                                              
│=================                                                             
│ F = SUM                                                                      
│ IF F < RMIN THEN                                                            
│ RMIN = F                                                                   
│ FOR I = 1 TO N                                                            
│ XM(I) = X(I)                                                             
│ NEXT I                                                                    
│ PRINT #2, "XM(1)="; XM(1), "XM(2)="; XM(2), "RMIN="; RMIN                      
│ TT = TT + 1                                                               
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│ ELSE                                                                           
│ END IF                                                                      
│ ELSE                                                                          
│ HH = HH + 1                                                                 
│ END IF                                                                                                                                                  
│ NEXT J                                                                         
│ PRINT                                                                         
│ PRINT #2, "XM(1)="; XM(1), "XM(2)="; XM(2), "RMIN=";  
    RMIN, "ETA="L/XM(1) 
│ PRINT                                                                         
│ PRINT "TT="; TT, "HH="; HH                                                                                                                            
    END                                                                            




S e d e g e b i: 
 
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
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│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.310114E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.217573E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.177882E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.154505E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.310114E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.217573E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.177882E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.154505E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.131955E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= .0212608         
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.096235E-02     
│XM(1)= 2.489765             XM(2)= 1.936059             RMIN= 2.094382E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.088697E-02 
│XM(1)= 2.491071             XM(2)= 1.982863             RMIN= .0208521         
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.082502E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.082502E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
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│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
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│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02 
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02   
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.433971E-02     
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│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.346463E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 2.309111E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 2.270204E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 2.248676E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 2.240545E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 2.226671E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 2.220332E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 2.217303E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.078782E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.002311E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 1.969635E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 1.938882E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 1.920108E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 1.913501E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 1.898603E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 1.892911E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 1.889718E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 1.889718E-02     
│XM(1)= 2.352774             XM(2)= 1.766712             RMIN= 2.078782E-02     
│XM(1)= 2.407245             XM(2)= 1.854519             RMIN= 2.002311E-02     
│XM(1)= 2.43131               XM(2)= 1.89524               RMIN= 1.969635E-02     
│XM(1)= 2.474778             XM(2)= 1.682009             RMIN= 1.938882E-02     
│XM(1)= 2.489915             XM(2)= 1.700687             RMIN= 1.920108E-02     
│XM(1)= 2.498386             XM(2)= 1.669903             RMIN= 1.913501E-02     
│XM(1)= 2.492687             XM(2)= 1.901294             RMIN= 1.898603E-02     
│XM(1)= 2.496286             XM(2)= 1.919793             RMIN= 1.892911E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 1.889718E-02     
│XM(1)= 2.495368             XM(2)= 1.9657                 RMIN= 1.889718E-02     
                                                                               





koSis integra lis mia xloebiTi ga moTvla
n= 5
L: Do@t s = - 1+ 2 Hs - 1L n,8s,1, n<D





















L: l@n_, 0 _, t_D:=Ht- t n+1L Ht n - t n+1L
l n_,1 _, t_D:=Ht - t nL Ht n+1 - t nL




c@z_, a_, b_D:= !!!!!!!!!Hz - aL Hb- zL
F@j _, z_,a_, b_D:=H1 Hp * I c@z, a, bDL à
a
bj@tD c@t, a, bD Ht - zL ât
 
 F[ϕ,z,a,b] 
 -3.60173+3.46915  
 
L:
DoAp@s_,k_, x_, z_D:=H1 Hp * IL à
t s
t s+1Ht- xL c@t, a, bD l@s, k, tD Ht - zL ât,8s, 1,n<,8k, 0,1<E
NAH1 Hp * I c@z,a, bDL à
a
bHc@t,a, bD Ht- zL âtE L@n, j ,t0D+H1 c@z, a, bDL ikjjâs=1n-2âk=01 p@s, k, x,zD Hj@t s +kD- j@t0DL Ht s+k - zL+ p@n, 0, 1, zD Hj@t nD- L@n, j , t0DL Ht n - zL+
p@n, 1, 1, zD Hj@t n+1D- L@n, j , t0DL Ht n+1 - zL+ p@n - 1,1, 1, zD Hj@t nD- L@n, j , t0DL Ht n - zL+
p@n- 1, 0, 1,zD Hj@t n- 1D- j@t0DL Ht n- 1 - zLy{z
 
 L:Null 





z= - 1+ 0.005 I







 -1+0.005  
 -1 
 1 
 -1-0.005`  
 -1-0.005  
 
NAH1 Hp * I c@z, a, bDL à
a
bHc@t,a, bD Ht- zL âtE L@n, j , t0D+H1 c@z, a, bDL ikjjâs=3n âk=01 p@s, k, x,zD Hj@t s +kD- j@t0DL Ht s +k - zL+ p@n,0, - 1, zD Hj@t nD- L@n, j ,t0DL Ht n - zL+
p@n,1, - 1, zD Hj@t n+1D- L@n, j , t0DL Ht n+1 - zL+ p@n +1, 0, - 1, zD Hj@t n+1D- L@n, j , t0DL Ht n+1 - zL+
p@n+ 1, 1, - 1, zD Hj@t n+2D- j@t0DL Ht n+2 - zLy{z
 


















singularuli integraluri gantolebis amoxsnis programa 
    n=3 
 3 




s1@n_, j_, n_, m_D:=ã
s=1




pp@n, kD Hl n,j - l n,kL+ â
k=j+1
m- 1
pp@n, kD Hl n,j - l n,kL;
s3@n_, j_, m_D:= pp@n, jDikjjâk=1j- 1dd@n, j, k, mD+ âk=j+1m dd@n, j, k, mDy{zz;
s4@n_, j_D:= pp@n, jD u1@l n,j, l n,jD;
s5@n_, j_, m_D:=â
k=1
j- 1Hpp@n, kD Hl n,j - l n,kL- pp@n, kD u1@l n,j, l n,kDLj@l n,kD+â
k=j+1
m- 1 Hpp@n, kD Hl n,j - l n,kL- pp@n, kD u1@l n,j, l n,kDL j@l n,kD;
s6@n_, j_, m_D:=ikjjâk=1j- 1 pp@n, jD dd@n, j, k, mD j@l n,kD+ âk=j+1m pp@n, jD dd@n, j, k, mD j@l n,kDy{zz

















Do@xk =Hk - 1L Hm - 1L,8k,1, m<D









Do@l s,k = t s + hxk,8s,1, n<,8k, 1, m<D




w@t_, n_, m_D:= Product@t - l n,k,8k, 1, m<D
 
 
t n+1 = 1

















dd@n_, j_,k_, m_D:=ikjjDeleteAäi=1mHl n,j - hn,iL,8j<,8k<E .h - > ly{z“ikjjDeleteAäi=1m Hl n,k - hn,iL,8k<E .h - > ly{z
 
 
Do@Print@NH1+ s1@n, j, n, mD+s2@n, j, mD- s3@n, j, mD+s4@n, jDL j@l n,jD- s5@n, j, mD+ s6@n,j, mD- s7@n, j,n, mDŠ 2D,8n, 1, n - 1<,8j,1, m - 1<D
Do@Print@NH1+s1@n,j, n, mD+s2@n, j, mD- s3@n, j, mD+s4@n, jDL j@l n,jD- s5@n, j, mD+ s6@n,j, mD- s7@n, j,n, mDŠ 2D8j, 1, m<D
 0.212379 ϕ[-1.]+1.55769 ϕ[-0.333333]+0.0985596 ϕ[0.333333]==2 
 -0.236544 ϕ[-1.]+1.45554 ϕ[-0.333333]+0.649636 ϕ[0.333333]==2 
 0.118272 ϕ[-1.]-0.169612 ϕ[-0.333333]+1.83549 ϕ[0.333333]+0.0844797 ϕ[1.]==2 
 0.236544 ϕ[-1.]+0.0848061 ϕ[-0.333333]-0.0812619 ϕ[0.333333]+1.66395 ϕ[1.]==2 
  
  








0.08126188437583878` ϕ[0.3333333333333333`]+1.6639455570710042` ϕ[1.`]==2},{ ϕ[-1.`],ϕ[-
0.3333333333333333`],ϕ[0.3333333333333333`],ϕ[1.`]}] 
 {{ϕ[-1.]→1.07152,ϕ[-0.333333]→1.07007,ϕ[0.333333]→1.07125,ϕ[1.]→1.04741}} 
 
